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CLINICAL OBSERVATIONS ON AORTIC STENOSIS.* 

By Sylvester McGinn, 

ASSISTANT IN MEDICINE. MASSACHUSETTS GENERAL HOSPITAL, 

AND 

Paul D. White, 

PHYSICIAN, MASSACHUSETTS GENERAL HOSPITAL; ASSISTANT PROFESSOR OF MEDICINE, 
HARVARD MEDICAL SCHOOL, BOSTON. 

(From the Cardiographic and Pathologic Laboratories of the Massachusetts General 

Hospital.) 

Although lesions of the aortic, valve including ‘ 'calcareous dis- 
ease” have been recognized for centuries, little interest has been 
exliibited in the important clinical condition of aortic stenosis until 
recently. Over 250 years ago Rayger reported, in 1672, the sudden 
death of a man whose heart showed an “osseous fusion” of the aortic 
cusps (quoted by Bonet^ in 1679), and later, in 1706, Cowper'^ 
described 3 cases having petrifaction of the stenosed semilunar 
valves of the left ventricle. During the next two centuries occasional 
references, usually brief, were made to the pathology and clinical 
aspects of aortic stenosis. Finally, to complete the pathologic 
picture, Monckeberg,'- in 1904, described the histology of the aortic 
cusps and noted atherosclerotic changes at their bases which when 
present in an extreme degree would produce aortic stenosis. 

The etiology of many cases of aortic stenosis has remained in doubt 
as is illustrated in an extreme degree by 10 patients under 25 years of 
age reported by Gallavardin, ® having the clinical evidence of this lesion 
but which he thought were neither rheumatic, arteriosclerotic, nor 
congenital in origin. That aortic stenosis occurs not infrequently in 
rheumatic heart disease is well known but opinions varj’’ as to the eti- 
ology of the calcareous type of the valve lesions. Christian® believed 
chronic rheumatic endocarditis underlying the process to be highly 
probable, while Libman discussing Christian’s paper expressed the 
viewpoint that the condition may also be superimposed on congenital 

* Presented in brief before the American Clinical and Climatologic Association, 
Washington, D. C., May 9, 1933. 
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bicuspid valves, on valves previously affected by subacute bacterial 
endocarditis, and that it may occur in pure atherosclerosis, hlargolis, 
Ziellessen, and Barnes*^ have thought that some cases represent the 
result of a non-inflammatory degenerative process, and Clawson, 
Bell, and Hartzell,® following the observations of Monckeberg, lilce- 
wise expressed the belief that certain cases have a non-inflammatorj’^ 
origin. Tuohy and*Eckman*^ have reported 3 cases with calcareous 
changes in the aortic valve which, in the absence of a rheumatic 
history, they thought were best explained by hldnckeberg’s theory. 
Anitschkow^ has described, in addition to inflammatory valvular 
changes, an atherosclerosis of the valves with lipoid deposits in the 
middle fibroelastie layers and without cicatricial deformity. In a 
third group he included those valves with combined inflammatory 
and atherosclerotic changes in which lipoids replace cicatricial 
tissue wherever it is found and later undergo calcareous changes 
resulting in greatly deformed valves. 

There are thus certain aspects of aortic stenosis that still require 
study. These are especially its etiology and frequency, the com- 
parison of those cases showing calcareous change in the aortic valve 
with those showing no calcareous change, and a comparison of 
instances of aortic valve stenosis alone with those having associated 
lesions of the mitral valve. We are presenting herewith statistical 
data of interest bearing on these points. 

Our ovm material for study has been obtained from a reviev’ of 6S00 
postmortem examinations made at this hospital and from 4800 clinical 
cardiovascular cases seen in private practice. Tlie criteria in selecting 
the cases depended in the postmortem series on the statement of the pathol- 
ogist that the aortic valve was stenosed or on his description indicating 
that there was a contraction of the valve, and in the clinical series on evi- 
dence presented by the patient sufficient to make a definite diagnosis of 
aortic stenosis. 

Tlie requirements stated to be necessary for establishing the clinical 
diagnosis of aortic stenosis have in the last two generations approached 
the extremes, vdtli the consequent tendency first to overdiagnose and then 
later to underdiagnose the condition. The idea of a generation ago tliat 
a basal systolic murmur alone permitted the diagnosis of aortic stenosis 
resulted in the lesion being reported too frequently on clinical examination. 
The more recent extreme point of view has minimized the frequency of the 
lesion and maj' be considered to be overcautious in requiring the following 
criteria to be present before permitting the diagnosis of aortic stenosis: 
(1) loud aortic sj’stolic murmur; (2) aortic s 3 \stolic thrill; (3) absent aortic 
second sound; (4) plateau or anacrotic pulse; and by some (5) an aortic 
diastolic murmur. Our experience has indicated that a diagnostic criterion 
midwa 3 ' between these ^•iews is preferable. The diagnosis of aortic stenosis 
ma3' at times be justified in the presence of a harsh and loud aortic S3-stolic 
murmur transmitted to the neck, whether or not it be accompanied b 3 ’ one 
or all of the signs of a confirmator 3 ' nature such as an aortic thrill, absent 
aortic second sound, a plateau pulse, and aortic diastolic murmur; in the 
presence, of evidence of other valvular deformities or of a histor 3 ’’ of rheu- 
matic infection, and in the absence of CAidence of luetic aortitis or of marked 
hypertension, a loud s 3 'stolic murmur heard in the second right interspace 
should strongly suggest stenosis of the aortic valve. 
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, Incidence of Aortic Stenosis. The frequent occurrence of aortic 
stenosis seems to be confined to certain geographic areas as is 
indicated by statistical surveys on cardiovascular disease and by 
personal communications. From the latter and from the data of 
Davison and Thoroughman® concerning heart disease in the negro 
race, we may assume that aortic stenosis is a rare condition in the 
southern section of our country. Norris^® found 48 cases of aortic 
stenosis in a series of 9940 patients (0.4%) showing cardiac lesions 
at postmortem examinations in two Pliiladelphia hospitals. The 
studies of Boas,^ Christian,^ Clawson,® Margolis,^i and their asso- 
ciates show that aortic valve disease with stenosis is not uncommon 
in the northern states. Campbell and Shackle^ mating in England 
observed that out of every 6 rheumatic cases 1 had aortic stenosis 
and insufficiencj'' without mitral stenosis and 1 had aortic stenosis 
and insufficiency with mitral stenosis. Grant^® studied 1000 English 
ex-service men mth signs of acquired cardiovascular disease and 
has recently reported his findings after 10 years of observation. 
In this group, there were 43 persons who, he believed, had aortic 
stenosis and regurgitation without mitral stenosis and 6 others 
who had both aortic stenosis and regurgitation with mitral stenosis. 

In our own series of 6800 postmortem cases of all types of disease, 
there were 123 cases of aortic stenosis (1-8%) and in the clinical 
group of 4800 cardiovascular patients there were 113 cases (2.3%). 
There were 37 additional patients in the clinical group who had 
suggestive but not conclusive signs of aortic stenosis; these ques-. 
tionable cases were not included in this analysis. In the postmortem 
series, mitral stenosis occurred in 159 cases, coexisting with aortic 
stenosis in 50 hearts; and in the clinical series there were 434 cases 
of mitral stenosis, being associated with aortic stenosis 40 times. 

• The incidence of mitral stenosis in our two groups was 2,3% and 
9.2%, as compared to 1.8 and 2.3% for aortic stenosis. 

The incidence of aortic stenosis was higher than we had expected 
since it occurred twice in about every 100 autopsies in the routine 
postmortem series and in about 3 of every 100 patients with cardio- 
vascular ’trouble in the clinical series. The relatively close relation- 
ship in frequency of mitral stenosis to aortic stenosis was interesting, 
it being nearly 1 to 1 in the first series and in a ratio of 4 to 1 in the 
second; moreover, in the postmortem group about every third case 
of mitral stenosis had a coexisting aortic stenosis while in the clinical 
group the ratio was thought to be lower, 1 in every 11 cases. How 
much of this discrepancy may be due to the more careful routine 
clinical search for mitral stenosis, which is the rule, than for aortic 
stenosis, how much to the possibility that the slighter grades of 
aortic stenosis may produce less clear clinical evidence than the 
slighter grades of mitral stenosis, and how much to the possibility 
that the more marked degrees of aortic stenosis are less common than 
the more marked degrees of mitral stenosis we do not as yet know; 
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the last mentioned possibility we are investigating further. Tlie 
discrepancy will undoubted^’' be somewhat diminished when aortic 
stenosis is more zealously searched for, as is indicated by the fact 
that in the second half of the clinical series twice as. many cases were 
discovered as in the first half of the series. It is of interest to note 
that the aortic stenosis demonstrated at autopsy was diagnosed 
clinically in only one-third of the cases. We are as yet much more 
often missing aortic stenosis when it is present than diagnosing the 
condition when it is absent. 

Etiology of Aortic Stenosis. A definite history of the rheumatic 
infection was obtained in 2.3% of the autopsied cases and in 46% 
of the clinical series; the latter series included another 32% with a 
questionable rheumatic history. The relative frequency of aortic 
stenosis in association with mitral stenosis and with a positive 
rheumatic history in Xew England is striking. 

The presence of important intercurrent infections in the history 
was noted in about one-third of the postmortem cases and in nearly 
half of the clinical cases, which incidence probabl.y varies but little 
from that in the population at large. Those infections most fre- 
quently recorded were tonsillitis, pneumonia, influenza, typhoid 
fever, and gonorrhea in the order named, the majority occurring 
before the age of 40. It has seemed to us likely that a severe ton- 
sillitis with or without peritonsillar abscess in youth or middle age 
may be, more than the other infections just named, an etiologic 
factor in the origin of aortic valve disease found in middle life or 
old age without mitral valve disease and without a history of rheu- 
matic fever; we have encountered non-syphilitic aortic regurgitation 
in several such cases developing in males of middle age. Syphilis 
was not diagnosed in any case of our clinical series and in only 4 
cases of our postmortem series; of the postmortem series 54 had had 
their Wassermann reactions tested and in only 3 were they positive. 
The diagnosis of subacute bacterial endocarditis was made on 6 
occasions in the clinical series but was found only twice in the post- 
mortem series. 

There were 16 cases out of the total 123 autopsied (13%) which 
should be judged on gross examination to be Monckeberg’s sclerosis 
of the aortic valve although microscopic sections of the cusps were 
not available. None of these cases had a positive history of a rheu- 
matic infection. We encountered no cases of congenital aortic 
stenosis or subaortic stenosis in our postmortem series nor, so far as 
we can tell, in our clinical series. 

The current opinion that aortic stenosis is primarily an affliction 
of males and that it is consistent with longevitj'' is substantiated 
by our figures. In the postmortem series S7 (71%) of the 123 cases 
were males, and 71 (63%) of the 113 clinical cases were of the male 
sex. In these same series respectively 56 (46%) and 65 (58%) of 
the patients lived to be 50 or over. The known duration of the 
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lesion, as well as could be determined for the postmortem cases, was 
9.5 years and for the clinical eases 12.7 years up to the present time 
or until the time of their death. 

Symptoms and Signs of Aortic Stenosis. The complaints of the 
patients were chiefly those of congestive failure, including dyspnea, 
orthopnea and edema, and were found mostly in, the histories of 
the autopsied patients where the diagnosis of congestive failure 
had been most frequent. Faintness, dizziness, or aetual syncope 
were also fairly common complaints, having been noted in 22% of 
the histories of the combined series of 236 cases. Angina jiectoris 
was found in 47 patients (19%) and cardiac asthma in 36 patients 
(15%). 

The clinical diagnosis of aortic insufficiency in our cases of aortic 
stenosis was made frequently in both series; clinically diagnosable 
aortic insufficiency was pre.scnt in 52 of the cases coming to autopsy 
and in 74 cases of the clinical series. All of our clinical cases of 
aortic stenosis had loud systolic murmurs at the base of the licart, 
almost all of which were accompanied by systolic thrills. A basal 
systolic murmur was recorded in the jiatients of the jiostmortem 
group and a basal systolic thrill in -J-; the jiliysical examination 
very often showed a harsh systolic murmur transmitted all over the 
precordium, which was frequently attributed antemortem to a 
mitral lesion. The records contain a few obser\'ations as to tlic 
wide transmission of the systolic murmurs to neck and back. The 
aortic second sound was either diminished in comparison with the 
pulmonary second sound or entirely absent in a majority of tlic 
patients, this finding being more common in tlic autojisied series 
where the cases of congestive failure were also more numerous. Not 
rarely, however, the aortic second sound was found to jicrsist even 
in the presence of well-marked aortic stenosis, later proved at post- 
mortem examination. 

The pulse was described as normal or full in the mcajority of the 
patients, a Corrigan pulse being noted in 12 cases of the entire 
series of postmortem and clinical cases; a plateau pulse was reported 
in 9. 

The systolic blood pressure was found to be 150 mm. of mercury 
or over in 65 patients (of the total of 236 of both groujis) of which 
28 were in the postmortem group and 37 were in the clinical grouj). 
The blood pressure was above 200 mm. of mercury systolic in 10 
patients, of which number S belonged to the clinical series, fl'lic 
majority of diastolic pressures varied between SO and 110 mm. 
mercury. The average pulse pressure was 60 mm., unexpectedly 
]iigh. _ 

Auricular fibrillation was diagnosed in 62 of the total of 236 
cases, being present most frequently in patients having mitral 
stenosis also. 

Only 10 of the total number of cases failed to show cardiac 
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enlargement to tlie left by either percussion or roentgenogram. 
Infrequently the calcified aortic valves could be seen in fluoroscopic 
examination and rarely they could be demonstrated by tcleroent- 
genography (7-foot heart films). 

Electrocardiograms were taken on 78 patients of the clinical 
series and on 32 of those of the postmortem series. Left axis devia- 
tion vras the most common finding, right axis deviation being present 
in a few cases with mitral stenosis; there was no abnormal axis 
de^^ation in others. A^arious types of dela>'ed conduction were 
found in 22 of the 110 tracings, there being 6 with full bundle-branch 
block, 8 with lesser intraventricular block, and 8 with auriculo- 
ventricular block. Abnormal T waves exclusive of the bundlc- 
branch-block cases were seen in 66 of the 110 electrocardiograms. 

Of the 172 patients known to be dead out of the total of 236 
cases of both series, 12 jiaticnts died following operations and 9 
others died suddenly; the large majority died in congestive failure. 
The average duration of the terminal illness was 4.3 months and 
the average number of attacks of congestive failure was two. 

Pathologic Anatomy. The pathologic findings in the 123 cases of 
the postmortem series indicate the infrequency of syphilis with 
aortic stenosis, only 2 cases of luetic aortitis having been found and 
in 1 of these there was also a marked rheumatic endocarditis with 
mitral stenosis. A microscopic section of an aortic cusp in 1 case 
contained many easily demonstrable Treponemata pallida. A con- 
genitally bicuspid aortic valve was found with the aortic stenosis on 
4 occasions, there being only 6 of these congenital lesions recorded 
in the 6800 autopsies. Subacute bacterial endocarditis was found 
at autopsy in 2 of the 123 cases, an active endocarditis of other 
nature in 9, and a chronic rheumatic endocarditis was reported by 
the pathologist as definite in IS cases. Additional pathologic data 
will be given with the comparisons of the various conditions. 

A Comparison of Cases of Calcareous and of Non-calcareons 
Aortic Stenosis (Table 1). Of the 123 cases in the postmortem 
series, SO had calcareous changes in the aortic valve, whereas less 
than lialf that number (that is, the balance of 37 cases) had aortic 
stenosis Avithout calcareous changes. The males outnumbered the 
females in the calcareous group 4 to 1, but the sex distribution was 
about equal in the smaller non-calcareous group. In relatively 
few cases did males have aortic stenosis without some evidence of 
calcareous change. The majority (60%) of the patients with cal- 
careous aortic stenosis were over .50, whereas only 4 of the 37 
patients with non-calcareous aortic stenosis were over 50. This 
indicates that aortic stenosis is consistent with longevity and that 
aortic valvular calcification is to be expected in aortic stenosis with 
increasing years. Old age, however, is not the only factor behind 
the calcareous changes in the cusps, inasmuch as 34 patients (40%) 
with such changes died before they were 50 years old. This is to be 
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compared with the fuiding that 33 (89%) of the 37 cases who showed 
non-calcareous aortic stenosis died before 50. 


Table 1.— Cases of Aortic Stenosis in 6S00 Autopsies. 



Calcareous. 

Non-calcareous. 

Total. 

With a rheumatic 
history. 

Without a rheumatic 
history. 

Total. 

With'a rheumatic 
history. 

Without a rheumatic 
history. 

o 

H 

Number 

32 

54 

86 

24 

13 

37 

123 

Sex— Male 

27 

42 

69 

12 

6 

18 

87 

Female 

5 

12 

17 

12 

7 

19 

36 

Under 50 years of age .... 

17 

17 

34 

24 

9 

33 

67 

Over 60 years of age 

15 

37 

52 

0 

4 

4 

5G 

Intercurrent infections . . ' . 

16 

25 

41 

3 

3 

6 

47 

Aortic insufficiency (clinical diagnosis) 

17 

16 

33 

15 

4 

19 

52 

Aortic stenosis (clinical diagnosis) 

12 

16 

28 

10 

3 

13 

41 

Dyspnea 

30 

42 

72 

22 

7 

29 

101 

Cardiac asthrda 

8 

11 

19 

0 

0 

0 

19 

Angina pectoris 

6 

9 

15 

0 

1 

1 

10 

Blood pressures, 150 mm. or over 

C 

16 

22 

3 

3 

6 

28 

Pulse pressures, average in mm. . 

63 

58 

56 

73 

44 

66 

59 

Auricular fibrillation 

12 

11 

23 

13 

3 

16 

39 

Wassermann positive, 54 taken . 

1 

1 

2 

1 

0 

1 

3 

Subacute bacterial endocarditis 

0 

0 

0 

1 

1 

2 

2 

Duration terminal illness (months) . 

4.2 

6.0 

4.6 

2.5 

6.0 

3.5 

4.3 

Heart weight average in gm 

696 

572 

616 

639 

467 

579 

006 

Number over 500 gm 

26 

37 

63 

17 

7 

24 

87 

Calcareous changes in mitral valve . 

17 

18 

35 

5 

2 

7 

42 

Coronary sclerosis 

8 

31 

39 

2 

2 

4 

43 

Aortic sclerosis 

12 

35 

47 

3 

2 

5 

52 

Fusion of cusps into a ring .... 

21 

38 

59 

15 

6 

21 

SO 

Bicuspid arrangement 

6 

' 16 

22 

3 

5 

8 

30 


A rheumatic history was obtained from about ^ of the patients 
in the calcareous group. It is of interest to note that only 15 of the 
total of 56 patients of the postmortem series who lived to be over 
50 had a clear history of rheumatic infection. The history of inter- 
current infections, however, was distinctly more common in these 
older cases of the calcareous group than in those of the non-cal- 
careous group, the frequency being 47 and 12% respectively. All 
of 10 cases with a history of gonorrhea and 9 of 12 cases with a his- 
tory of pneumonia were in the series of cases having calcareous 
changes. Subacute bacterial endocarditis was present in only 2 of 
the total postmortem series of 123 cases and both had non-calcareous 
aortic valve lesions. There were two definite congenital bicuspid 
aortic valves in each group, calcareous and non-calcareous. 

All of the 16 definite cases of Monckeberg’s sclerosis belong, of 
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course in the calcareous group but the majority of instances of 
calcareous deposits -were found in cases without definite indication 
of primary Monckeberg’s sclerosis (70 in all), i. e., in the rheumatic 
cases and in other cases of unknown etiology. 

Dyspnea and, to a lesser extent, edema were commonly found in 
both groups. All of the cases of cardiac asthma were found in the 
calcareous group as were all of the cases of angina jjectoris except 
one. The older age of the calcareous group was undoubtedly of 
importanee in this respect. Syncope and dizziness were complained 
of equally in both groups. There was practically no difl’erence in 
the two groups in the known duration of the terminal illness or in 
the number of attacks of congestive failure suffered by the patients 
but the calcareous group was known to have had the lesion 1 .5 years 
longer on the average than had the other grou]). 

The clinical diagnosis of aortic stenosis was correctly made in 
about ^ of each group. Aortic insufficiency was diagnosed clinically 
in both groups, slightly more often than was aortic stenosis itself, 
being reported in half of the non-calcareous patients and in 38% 
of the calcareous. The systolic blood pressure was elevated above 
loO mm. mercury more often in the calcareous group; 25% as 
compared with 16% of the other patients. All of the S patients 
having a diastolic pressure over 110 mm. mercury belonged with 
the calcareous cases. The pulse pressure was higher than we had 
expected in both groups with an average of 56 mm. in the calcareous 
and 66 mm. in the non-calcareous. 

The radial arteries were noted to be tortuous, thickened, or 
sclerotic on 40 occasions, 38 of these being in patients with calcareous 
aortic valve changes, that is, in the older cases. Auricular fibrillation 
occurred less frequently in this group (26%) than in the non-cal- 
careous (43%), whereas premature contractions were found about 
equally in both groups. Among the few instances showing disturb- 
ance of conduction by electrocardiogram, bundle-branch block and 
intraventricular block predominated in the calcareous cases, but 
only 1 of the 3 cases with auriculoventricular block belonged in that 
group. 

The heart weights were similar in the two groups, averaging 6 1 6 gm . 
in the calcareous group, with 75% above 500 gm., and averaging 
579 gm. in the non-calcareous group, with 63% weighing more than 
500 gm. Atherosclerotic changes in the aorta and coronary arteries 
and calcareous involvement of the myocardium and the mitral 
valve were much more frequent in the older calcareous group. 
Infarcts of the spleen, lungs, and kidneys occurred in that order 
and vdth the same relative frequency in both groups. 

AYhether or not calcareous changes are present in the aortic 
valve is relatively unimportant as compared with the condition of 
aortic stenosis itself, inasmuch as it is the latter which is the factor 
producing the clinical signs and causing the secondary changes 
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in the heart. The degree of aortic stenosis may be considerably 
increased, however, by the deposition of masses of calcium salts 
and the presence of these may be helpful in establishing the diag- 
nosis of aortic stenosis bj'^ fluoroscopic examination or by the 7-foot 
heart fllm as a result of the recent improvement of Roentgen ray 
technique. 

A Coviparison of Cases with Aortic Stenosis Alone and of Cases 
with Aortic Stenosis in Association with’ Other Valve Lesions 
(Tables 2 and 3). This resolves itself chiefly into a discussion of 


Table 2. — Aortic Stenosis, 4800 Clinical Gardiov^ascelah Cases (16 Cases 
WITH A NoN-STENOTIC LesION OF THE MiTRAL VaLVE NOT SUMMARIZED). 


• 

Aortic stenosis alone. 

Aortic stenosis and mitral 
stenosis. 

Total. 

With a rheumatic 
history. 

Without a rheumatic 
history. 

With a questionable 
rheumatic history. 

Total. 

With a rheumatic 
liistory. 

Without a rheumatic 
history. 

With a questionable 
rheumatic history. 

'e: 

Number 

16 

23 

19 

58 

29 

0 

11 

40 

98 

Sox — Males 

10 

14 

12 

36 

17 

0 

7 

24 

60 

Females 

6 

9 

7 

22 

12 

0 

4 

16 

38 

Age, average in years . 

50.2 

07.8 

49.4 

56.0 

44.4 

0 

47.2 

45.1 

52.0 

Males, average in years . 

55.6 

69.4 

45.5 

57.5 

46.8 

0 

47.9 

47.2 

53.4 

Females, average in years . 

41 3 

65.4 

56.2 

56.0 

40.9 

0 

46.0 

42.1 

50.0 

50 years and over .... 

8 

23 

11 

42 

8 

0 

4 

12 

54 

Aortic insufficiency, din. diag. 

12 

0 

8 

26 

29 

0 

9 

38 

64 

Known duration of lesion in yrs. 

14.1 

5.4 

12.5 

10.2 

17. S 

0 

11.1 

16.1 

13.7 

Intercurrent infections 

6 

6 

12 

24 

17 

0 

4 

21 

45 

Subacute bact. endocarditis . 

0 

0 

1 

1 

3 

0 

1 

4 


Dyspnea 

12 

10 

12 

34 

20 

0 

7 

27 

61 

Cardiac asthma .... 

2 

4 

e 

12 

2 

0 

2 

4 

16 

Angina pectoris .... 

7 

14 

4 

25 

3 

0 

2 

0 

30 

Edema 

2 

4 

4 

10 

13 

0 

3 

16 

20 

Syncope 

6 

10 

o 

21 

6 

0 

4 

10 

31 

Well developed and nourished 

12 

20 

16 

48 

10 

0 

7 

23 

71 

Auricular fibrillation . 

1 

0 

4 

5 

9 

0 

5 

u 

19 

Blood pressures, 150 mm. or over 

7 

14 

4 

25 

7 

0 

1 

8 

33 

Pulse pressures, average in mm. 

63 

80 

42 

61 

67 

0 

49 

62 

62 

With cardiac enlargement 

16 

23 

19 

58 

28 

0 

11 

39 

97 

Electrocardiograms L. A. D.* 

7 

12 

8 

27 

8 

0 

5 

13 

40 

Bundle branch block . 

1 

0 

0 

1 

1 

0 

1 

2 

3 

A-V block 

1 

1 

0 

2 

1 

0 

0 

1 

3 

Intraventricular block . 

2 

1 

0 

3 

1 

0 

0 

1 

4 

Number of electrocardiograms 

13 

18 

12 

43 

17 

0 

9 

26 

09 


* L. A. D. = Abnormal degree of left axis deviation. 


aortic stenosis with and without mitral stenosis. A third group of 
cases having aortic stenosis in combination with a non-stenosing 
mitral valve lesion is so closely aligned to the solitary aortic lesion 
in most respects that these two groups may be considered prac- 
tically as one. This third group is composed of those cases having 
slight fibrosis or thickening of the mitral valve and also of those 
cases in which there are calcareous changes in the mitral leaflets 
without stenosis of the valve. 

Of the 123 autopsied cases of aortic stenosis, there were 50 in 
which mitral stenosis coexisted. As has been previously stated with 
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regard to the total number of autopsies every third case of mitral 
stenosis had an associated aortic stenosis. There were 36 females 
in the entire postmortem series of aortic stenosis and 21 of these 
were in the group having combined lesions of mitral stenosis and 
aortic stenosis. The majority of the 67 patients dying before the 
age of 60 showed stenosis of both valves, the mortality before that 
age for the individual groups being 78% for the combined lesions 
and 38% for the aortic stenosis alone. 


Table 3. — Cases of Aohtic Stenosis Alone and in Association with Other 
Valve Lesions (Postmortem Series). 



Aortic stenosis 
alone. 

Aortic stenosis 
and 

mitral stenosis. 

Aortic stenosis 
and a non-steno- 
tic mitral lesion. 


With a rheumatic 
history. 

Without a rheumatic 
history. 

Total. 

With a rheumatic 
history. 

Without a rheumatic 
history. 

Total. 

With a rheumatic 
history. 

Without a rheumatic 
history. 

Total. 

Total. 

Number 

9 

26 

35 

37 

13 

50 

10 

28 

38 

123 

Sex — Malfe 

8 

20 

28 

21 

8 

29 

10 

20 

30 

87 

Female 

1 

6 

7 

16 

5 

21 

n 

8 

8 

36 

Under SO years of age .... 

7 

12 

19 

29 

10 

39 

5 

4 

9 

67 

Over 50 years of age .... 

0 

14 

16 

8 

3 

11 

5 

24 

29 

56 

Interourrent infections .... 

3 

6 

9 

6 

6 

12 

7 

7 

14 

35 

Aortic insufficiency, clin. diag. 

3 

11 

14 

23 

4 

27 

6 

5 

11 

52 

Aortic stenosis, clin. diag. . 

2 

10 

12 

17 

2 

19 

3 

7 

10 

41 

Dyspnea 

6 

17 

23 

36 

12 

48 

10 

20 

30 

101 

Cardiac asthma 

1 

2 

3 

4 

1 

5 

3 

8 

11 

19 

Angina pectoris 

3 

7 

10 

2 

0 

2 

1 

3 

4 

16 

Edema 

8 

15 

23 

31 

9 

40 

9 

17 

26 

89 

Blood pressures, 150 mm. or over 

2 

8 

10 

4 

2 

6 

3 

9 

12 

28 

Pulse pressures, average in mm. . 

85 

57 

63 

66 

32 

59 

52 

62 

60 

61 

Auricular fibrillation .... 

0 

5 

5 

24 

o 

26 

1 

7 

8 

, 39 

Wassermann positive, 54 taken 

1 

1 

2 

1 

0 

1 

0 

0 

0 

3 

Subacute bacterial endocarditis . 

1 

0 

1 

0 

0 

0 

0 

1 

1 

2 

Duration terminal illness (months) 

3.2 

5.0 

4.5 

3.6 

6.8 

4.3 

3.0 

4.0 

3.6 

4.3 

Heart weight average in gm. . 

627 

082 

593 

622 

567 

592 

883 

541 

631 

605 

Number over 500 gm 

6 

17 

23 

27 

9 

36 

10 

IS 

28 

87 

Calcareous changes in mitral valve 

0 

0 

0 

16 

7 

23 

6 

13 

19 

42 

Coronary sclerosis 

3 

11 

14 

6 

3 

9 

1 

19 

20 

43 

Aortic sclerosis 

3 

15 

18 

8 

3 

11 

4 

19 

23 

52 

Fusion of cusps into a ring 

2 

13 

15 

29 

11 

40 

5 

20 

25 

so 

Bicuspid arrangement .... 

6 

11 

17 

3 

1 

4 

0 

9 

9 

30 


Most of the patients (74%) having mitral and aortic stenosis 
together had a positive rheumatic history as compared with 26% 
in the group with aortic stenosis alone. Excepting for tonsillitis 
the patients having aortic stenosis and mitral stenosis were rela- 
tively free from other intercurrent infections such as gonorrhea, 
influenza and pneumonia. 

The sjunptoms and signs of congestive failure, namely orthopnea, 
dyspnea and edema, were nearly the same in incidence in both 
groups, but the frequency of cardiac asthma, angina pectoris, 
dizziness, and syncope was greater in the patients having aortic 
stenosis alone. The known length of time that the patient had 
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aortic valve involvement was less than the average for the enthe 
series when mitral stenosis coexisted with the aortic stenosis; this 
same group with combined valve lesions tended to have more 
attacks of congestive failure. 

The clinical diagnosis of aortic stenosis was rnade correctly in the 
same proportion in both groups of the postmortem series. In that 
series aortic insufficiency was noted clinically in 54% of the patients 
having both aortic and mitral stenosis; this number represents more 
than half of the total cases with aortic regurgitation in the post- 
mortem series. The difference in the systolic blood pressures of the 
two groups was not striking; it was found to be over 150 mm. in 48% 
of the patients with mitral and aortic stenosis as compared with 
61% of those with aortic stenosis alone. The average pulse pres- 
sures were similar in the two groups. There was a distinct differ- 
ence in the frequency of auricular fibrillation, which occurred in 
only 17% of the cases with aortic stenosis alone and in 52% of the 
group with both aortic and mitral stenosis. 

The average heart weights were approximately the same in both 
groups, with a like number in eacli weighing more than 500 gm. 
Sclerosis of the coronary arteries and of the aorta was more common 
in the group with aortic stenosis alone. There were 42 cases in 
which calcification was found in the mitral valve; 23 of this number 
were included in the cases with both aortic and mitral stenosis. 

It was found that 24 of the group, of 50 cases showing both aortic 
and mitral stenosis also had calcareous changes in the aortic valve. 
Two aortic cusps were found to be fused, giving a bicuspid arrange- 
ment of the valve on 30 occasions in the whole postmortem series; 
only 4 of these had an associated mitral stenosis. 

Cases loith Varying Degrees of Aortic Stenosis. Believing that 
the degree of stenosis of the aortic valve would be an important 
factor in determining the clinical signs and the pathologic changes, 
we have compared tlwee groups of cases having aortic stenosis of 
varying amount. There are 15 cases in each of the three groups, 
all of which had calcareous aortic stenosis demonstrated at the 
postmortem examination and which did not have mitral stenosis. 
The first group of cases had marked aortic stenosis with calcifica- 
tion but without clinical evidence of insufficiency. Although aortic 
regurgitation undoubtedly was present to some extent, it was riot 
suffieient to give the usual auscultatory findings. The second group 
includes those cases of moderate aortic stenosis caused by cal- 
careous deposits at the base of the cusps, which were not accom- 
panied by clinical aortic insufficiency. In the third series of 15 
cases, in addition to considerable aortic stenosis all had the clinical 
signs of aortic insufficiency or the lesion was such that the path- 
ologist thought that it necessarily was present in at least moderate 
degree. 

In the second group, which had only moderate stenosis of the 
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aortic valve, not 1 case had the discharge diagnosis of aortic stenosis 
made clinically. This does not indicate, however, that signs and 
symptoms were not produced by these ehanges, inasmuch as at least 
S of the 15 cases had records of systolic murmurs heard at the base of 
the heart, accompanied in 1 case by a thrill. Despite this available 
evidence attention was not directed toward stenosis of the aortie 
valve. Congestive failure, as shown by the history of dyspnea and 
the finding of edema, was very infrequent in this group, edema 
occurring but once. The aortic second sound was louder than the 
pulmonary second sound in a greater number of patients of this 
group than in the other two groups. 

Table 4. — Cases of Aortic Stenosis of Varying Degrees in the Postmortem 

Series. 

Moderate aortic 
stenosis with 

calcareous depos- Calcareous aortic 


Marked calcareous 
aortic stenosis 
without clinical 
insufficiency. 

its chiefly at base 
of cusps \\*ithout 
clinical 
insufiiciency. 

stenosis with 
marked clinical 
or pathologic 
insufficiency. 

Number 

15 

16 

15 

Sex— Male 

11 

11 

14 

Female 

4 

4 

1 

Under 50 years of age .... 

2 

2 

7 

Over 50 years of age .... 

13 

13 

8 

Rheumatic fewr history . 

3 

1 

4 

Intercurrent infections 

7 

7 

8 

Aortic stenosis, clinical diagnosis 

3 

0 

12 

Dyspnea 

14 

5 

15 

Cardiac asthma 

3 

2 

3 

Angina pectoris 

5 

. 3 

7 

Edema 

11 

1 

14 

Blood pressures, 150 mm. or over 

6 

9 

3 

Pulse pressures, average in mm. . 

42 

81 

62 

Auricular fibrillation 

1 

3 

2 

Duration terminal illness (months) 

. 4.6 

5.8 

3.5 

Heart weight, average in gm. 

. 588 

450 

683 

Number over 600 gm 

10 

5 

13 

Calcareous changes in mitral valve 

7 

5 

2 

Coronary sclerosis 

9 

10 

10 

Aortic sclerosis 

13 

12 

11 

Fusion of cusps into ring . 

8 

2 

10 

Bicuspid arrangement .... 

7 

2 

5 


The sex distribution was approximately the same for all three 
groups, with the males predominating 3 to 1. Of the 15 patients 
having free aortic insufficiency (Group 3), 7 died before the age of 50 
as compared with 2 dying before this age in each of the other two 
groups. Moreover, the average duration of the terminal illness 
was slightly shorter for this group than for the other two, and the 
incidence of angina pectoris was greater. These findings indicate 
that the presence of free aortic insufficiency with aortic stenosis 
adds a greater burden on the heart and makes the prognosis less 
favorable. 

The systolic blood pressures were found to be over 150 mm. 
mercury more frequently in the second group, namely that with 
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only moderate stenosis, while the third group, that with marked 
aortic regurgitation, had the fewest pressures above 150 mm. mer- 
cury. The average pulse pressure of the patients of the second 
group, with calcareous changes at the base of the cusps, was 81 mm., 
of those with aortic insufficiency 52 mm., and of those with marked 
aortic stenosis but without much aortic insufficiency 42 mm. 

The pathologic observations indicate that those hearts in which 
aortic stenosis was complicated by enough insufficiency to reveal 
itself clinically were the largest, weighing an average of 683 gm. 
This compares with the average weights of 588 gm. for the group 
having marked stenosis and of 450 gm. for the hearts witli moderate 
stenosis. The frequency of sclerosis of the aorta and coronary 
arteries was equivalent in all three groups. Involvement of the 
mitral valve by extension of the calcareous process downward from 
the aortic valve was seen in only 2 cases having marked aortic 
insufficiency. With the slighter extent of the calcification and 
deformity of the aortic valve in the group having moderate stenosis 
only 4 cases were found with the cusps fused into a ring or having 
a bicuspid arrangement. 

Summary and Conclusions. 1. A study’ of aortic stenosis is pre- 
sented herewith, based on 123 cases proved at postmortem examina- 
tion among 6800 necropsies of patients with all types of disease at 
the Massachusetts General Hospital and 113 clinical cases among 
4800 patients studied by us in cardiovascular consultation practice. 
In the postmortem series 71 % of the patients were males and in the 
clinical series 63%. 

2. Aortic stenosis occurred in the postmortem series almost as 
often as did mitral stenosis. The lower incidence in our clinical 
series may be due in part to the fact that it is difficult or impossible 
clinically to diagnose aortic stenosis if the stenosis is but slight in 
degree. Closer search for the lesion resulted in our finding clinically 
twice as many cases of aortic stenosis, definite or questionable, in 
the second half of the clinical series as in the first half. It appears 
justifiable to make the clinical diagnosis of aortic stenosis when a 
loud harsh systolic murmur is heard in the region of the second 
right intercostal space and is transmitted to the neck, in the absence 
of pronounced aortic dilatation due to luetic aortitis or marked 
hypertension, especially when there is evidence of other valvular 
deformity or a history of rheumatic infection. An aortic systolic 
thrill, a diminished or absent second aortic sound, a plateau pulse, 
and an aortic diastolic murmur are important confirmatory findings, 
but it is not necessary to await the presence of all of these signs before 
making the diagnosis; if we do await all these signs we shall miss 
a large majority of cases of aortic stenosis often of considerable 
clinieal miportance. 

3. A comparison has been made, in the postmortem series, of 
cases showing ealcareous changes in the stenosed aortic valve with 
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cases showing no calcareous change in the valve. Calcareous 
valvular changes were found more frequently than non-calcareous 
(86 to 37), with males predominating and living past middle life 
in the calcareous group while the sexes were evenly distributed in 
the non-calcareous group, few of whom lived longer than 50 years. 
Angina pectoris, cardiac asthma, and higher blood pressures were 
more frequently found in the calcareous group while a positive 
rheumatic history and auricular fibrillation were more frequent 
in the non-calcareous group. The average pulse pressures were 
approximately the same. The heart weights were similar in the two 
groups but calcareous changes in the mitral valve, aorta, and coro- 
nary arteries were much more common, as would be expected, in the 
older, calcareous group. The presence or absence of calcareous 
changes in the aortic cusps is clinically relatively unimportant as 
compared to the aortic stenosis itself, excepting as it alters the degree 
of stenosis or aids in the Roentgen ray diagnosis. 

4. A comparison of the autopsied cases having aortic stenosis 
alone with those having aortic stenosis combined with mitral stenosis 
showed males to be represented equally in both groups; females, 
however, were three times more frequent in the combined than in the 
isolated group. Mitral stenosis was found much more often in the 
cases dying under 50, while aortic stenosis alone occurred most com- 
monly in people beyond that age. Angina pectoris was found more 
often in patients with aortic stenosis alone (14 to 2), while auricular 
fibrillation occurred much more often in cases with complicating 
mitral stenosis (26 to 13). The average heart weights were approxi- 
mately the same for the two groups (612 gm. and 592 gm.). Coro- 
nary sclerosis and aortic sclerosis were more common in cases of 
aortic stenosis alone; sclerotic changes in the mitral valve were 
found in 23 of the 50 cases with complicating mitral stenosis. 

5. In three groups of patients of the postmortem series having 
various degrees of calcareous aortic stenosis, it was found that the 
correct diagnosis had not been made clinically in any having only 
moderate calcareous changes, mostly at the base of the aortic cusps, 
and that the symptoms of congestive failure were less frequent, in 
this group than in those instances where the lesion was more marked. 
At least a few of the cases showing only moderate aortic stenosis 
should have been diagnosed correctly antemortem if proper atten- 
• tion had been directed to the signs that were present. The patients 
with pronounced aortic insufficiency in addition to aortic stenosis 
had a shorter terminal illness and died at a younger age than did 
the cases where stenosis of the valve predominated. The average 
weight of the hearts in the group with pronounced aortic insuffi- 
ciency was also higher, the smallest hearts being found in those 
cases with little or no aortic insufficiency and with only a moderate 
amount of stenosis. 

6. It is evident from this analysis that all grades of aortic stenosis 
exist, much as in the case of mitral stenosis; that aortic stenosis 
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even of considerable degree is common, particularly in males; that 
it is doubtless often caused by infection, especiallj" rheumatism; 
that calcareous changes are found chiefly in the older patients, no 
matter what the cause; that aortic stenosis is less serious than aortic 
regurgitation of high degree, being found in many old patients after 
years of valvular disease;* that it is sometimes associated with 
considerable hypertension; that, as in the case of mitral stenosis, 
the symptoms and signs vary in number and degree with the extent 
of the aortic stenosis; that aortic stenosis is often overlooked when 
it should be clinically diagnosed; and that it is an important lesion 
to search for, even in the lesser grades, because of the progression 
of the lesion and of the frequency with which it, is associated^with 
congestive heart failure. 
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INTRAVENOUS INJECTION OF METHYLENE BLUE IN MAN 
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Considerable attention has been recently aroused concerning 
the intravenous injection of methylene blue. At the moment, the 

* It is of interest that a few years ago when we searched our records for long-lived 
patients with heart disease one of the lesions which we failed to find persisting from 
youth to old age was aortic regurgitation of high degree. 
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greatest interest centers about its clinical use in the treatment of 
cyanide,^ and carbon monoxide poisoningd'^'i'-i-'''i®'i‘-i -’’2 In these 
conditions, however, no altogether acceptable proof has been fur- 
nished of its valued Its use has -also been suggested in cases of 
methemoglobinemia^ 

Standard textbooks on the physiologic action 'of drugs give prac- 
tically no definite information concerning the action of methylene 
blue in the body. Although Marshall,® working with malaria, 
fomid that as much as 400 gr. (26 gm.) may be given by mouth over 
several weeks without any toxic symptoms, it has been generally 
observed that large doses may produce gastric irritation and painful 
micturition. No mention can be found in the literature of any 
harmfvd or untoward effects from intravenous use of this dye; in 
fact one is led to believe that no more care than usually attends an 
intravenous injection of saline need be taken. This maj*^ be ac- 
counted for when it is realized that the patients are usually in 
coma and on the verge of death at the time the drug is adminis- 
tered. In view of the fact that no study has been made of the 
effect of intravenous injection of methylene blue in normal man, 
and that it is both desirable and necessary in order to better 
understand its action in pathologic conditions, we undertook its 
investigation. 

Material and Method. Eighteen normal adults, who volunteered for this 
study, were given .50 cc. of a 1 % solution of methjdene blue intravenouslj’’, 
ayerage therapeutic dose recommended .R* One per cent solution of Methyl- 
thionine clilorid, U. S. P. was made by dissolving 1 gm. of the drug® in 
100 cc. of hot physiologic saline. It was stirred with a glass rod, filtered, 
sterilized, and stored in a dark closet for 24 hrs. before using. No attempt 
was made to dry the salt. The inevitable presence of very small percen- 
tages of reductant methylene white’ Avas disregarded. ' 

The speed of the intravenous injection varied in different cases from 5 to 
30 min. usually about 10 min. for 50 cc. Tv'o individuals received 3 injec- 
tions and 3 received 2 injections of the drug. As we found that it took 
from 3 to 5 days for the dye to be eliminated, a second injection was not 
given until the dye of the previous injection was no longer present in the 
body. AU subjects had electrocardiograms taken before, during and for 
some time after the injection of methylene blue, in 1 case Leads I and III 
were taken simultaneous^. 

In 6 cases the hemoglobin and methemoglobin values of the blood were 
ascertained by the method of van Slyke and HiUer.® The only variation 
from their technique was that the CO was dravm directly from the storage 
bottle into the mixing chamber of the van Slyke manometric apparatus 
through a tliick-walled capillary pipette fitted with a stopcock and a rubber 
tip instead of using a Hempel pipette. In collecting the samples of blood, 
special care was taken to prevent contamination with methylene blue. 

Effects. No report of the electrocardiographic changes folIoAving 
the .injection of methylene blue in man could be found in the litera- 
ture. Schott® injected methylene blue intravenously in dogs and 
failed to find any' striking or permanent changes, lie obtained a 
decrease in the R Avave, Avhile the T wave was increased in ampli- 
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tude. In man we found that the effect on the T wave was just the 
opposite (Fig. 1). In ei’^eiy instance the T wave showed a great 
reduction in height, frequently became isoelectric and occasionally 
even negative. The ii wave also usually showed a decrease in 
height. Recovery was usually complete within 2 hr. after the 
injection. 

The point of action is apparently not vagal, as found by Coold® 
in isolated heart preparations, for no marked change in heart rate 

A B 



Fig. 1.— Case IS. A, control. B, shortly after injection of 50 cc. of 1 % methylene 
blue, showing the depression of the ?' ware. At B there was 0.S3 gm. % mothemo- 
globin with a loss of 7.1 % hemoglobin. 


was noted. Likewise, methylene blue does not appear to attack 
the automatic and conductive tissues directly, since no definite 
changes were found in the P-R or Q-R-S interval, nor were A-V 
block, bundle-branch block or irregularities in rhythm found. Our 
observations indicate that methylene blue may have a direct action 
on the ventricular musculature. 

There was usually a slight increase in respiratory rate and a sense 
of oppression in the chest, with some difficulty in breathing. Occa- 
sionally there was a dull pain over the heart. No appreciable rise or 
fall in blood pressm-e was observed. A moderate acceleration of the 
heart rate was present, similar to that observed by Stammers” in 
dogs. 

Soon after starting the injection the skin and mucous membranes 
became bluish. Restlessness, apprehension and fine fibrillarj- tre- 
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mors of the face and extremities developed. A sense of “burning” 
in the mouth and warmth in the stomach was always present and 
this was occasionally accompanied by nausea and vomiting, ^^dien 
vomiting occurred the gastric contents were fomid to be stained 
blue. The saliva was also tinted blue, corroborating the findings of 
Rembridge, Hanke, and HalperT- that methylene blue is secreted 
by the stomach and salivary glands as well as by the liveri^ and 
kidneys. Abdominal pain was occasionally noted. 

A number of subjects became excited by the injection: in one case 
the pupils dilated and the individual had a feeling of impending death ; 
in another, at the height of the injection, everjdhing went black 
before his eyes and he started to perspire profusely. One indmdual, 
more apprehensive than usual at the start of the injection, com- 
plained of severe pain in the chest with a feeling of weight on the 
sternum; became very excited and, owing to the sjouptoms of 
impending collapse, the injection was stopped at 25 cc. Paresthesias 
were noted as air early complaint in every case. A number of indi- 
viduals complained of slight nausea, dizziness, headache, and 
mental confusion for about 12 hr. followmg the injection. These 
effects have been entirely temporary and without any serious result. 

,Dr. Norman Jollift'e of the Psychiatric Division of Bellevue 
Hospital was kind enough to allow us to refer to a patient who 
was admitted in a psychotic condition following the use of O 2 and 
CO 2 by inhalation and an intravenous injection of methylene blue 
for carbon monoxide poisoning. The patient was restless, noisy, 
had to be restrained in a straight- jacket and was disoriented as to 
time and place. She remained mentally confused and hj^eractiye 
for about 4 days. It was the impression of the Psychiatric Staff 
that this condition was a result of methylene blue poisoning. 

Most of the drug is eliminated by the Iddneys and it usually 
required from 3 to 5 days for the dye to be elimmated by this route. 
Urine containmg methylene blue is irritating and excites frequency, 
burning, and painful micturition. Tw^o individuals complained of 
severe burning in the scrotum and groin before the injection of 50 cc. 
of methylene blue was completed. 

Untoward effects at the site of injection similar to those obtained 
with arsphenamin may result if the injection is made in part into 
the sheath or subcutaneous tissue. 

Discussion. At first sight it would seem that the picture presented 
could be explained as due entirely to anoxemia, as it is well Imovm 
that methylene blue produces methemoglobin.i”'- Certain 
observations are, however, distinctly opposed to such a view. 
Although we are not in a position to hiow how great a reduction in 
hemoglobin would be necessary to produce such a clinical picture 
if it were due to anoxemia, we do know that Haldane, h'lakgill and 
Ma-vrogordato^® found that as much as 6% of the blood pigment 
in rabbits could be changed to methemoglobin Mthout producing 
any symptoms. Furthermore, Dautrebande^® found no significant 
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change in cardiac output until the hemoglobin approached 50%, 
and Harrison and Blalock^^ until blood amounting to about 3% of 
the body weight of the dog had been lost. The maximum loss of. 
hemoglobin that we found at the height of the symptoms was only 
8.3% of the total hemoglobin (Table 1), and in 2 cases, in which the 
symptoms and electrocardiographic changes were of the usual mag- 
nitude, the decrease was neghgible (0.6 and 0.4 %) . We are therefore 
led to conclude that the observed decrease in hemoglobin is not pro- 
portional to the intensity of the symptoms. 

Although the number of cases studied permits only a qualitative 
interpretation of the data, it is evident that the magnitude of change 
in the Fed — | — > F ed — \ — h system is too slight to consider it responsible 
for the clinical picture obtained, unless it be argued that the reversi- 
bility of this reaction is almost immediate. If the condition which 
we have described was due to methemoglobinemia, it would hardly 
seem possible that the blood taken at the height of the symptoms 
would not show more methemoglobin (Table 1). However, Stadie^® 


Table I. — Amoent of Methemoglobin Formed and Per Cent Loss of Hemo- 
globin Follomtng the Injection op 50 Cc. op a 1 % Solution of 
Methylene Blue. 


Case. 

Hemoglobin 

control, 

Gr. %. 

Decrease in 
hemoglobin 
after injection. 
Gr. %. 

Methemoglobin 
present .after 
injection, 

Gr. %, 

Loss of hemoglo- 
bin expressed 
as % of total 
hemoglobin. 

12 . . 

. . 15.7 

1.0 

0.7 

6.4 

14 . . 

. . 12.8 

0.8 

1.3 

6.0 

15 . . 

. . 14.3 

1.2 

1.3 

8.3 

16 . . 

. . 13.0 

0.1* 

0.9 

0.6 

17 . . 

. . 11.7 

0.1* 

0.7 

0.4 

18 . . 

. . 13.4 

1.0 

0.8 

7.1 

Within limit of experimental error which was equivalent to 0.1 gr. %. 


says that methemoglobin is destroyed rapidly in the circulating 
blood, but that when 30 to 50% of the total hemoglobin is changed 
suddenly following intravenous injections of sodium nitrite, methe- 
moglohin may be found in the blood. Therefore, the possibility of 
demonstrating methemoglobin in clinical cases would seem slight 
and may account for the negative results reported by Geiger^'" and 
the relatively small amounts found in our cases. 

Furthermore, the clinical picture is not truly comparable to the 
one found in anoxemia. If this condition were brought about by 
acute anoxemia, a more marked effect on respiration and circula- 
tioni9-o than what we found would certainlj'- be expected. Lewis 
and Matheson-‘ found that heart block occurred regularly during 
acute anoxemia in cats and dogs. Although Kountz and Gruber,-- 
Ward and Wright^® and Greene and Gilbert®® in their electrocardio- 
graphic studies fomid a decrease in amplitude of the T wave during 
moderate anoxemia, similar to our observations with methylene 
blue, in our cases, as we have shomi, anoxemia played nowhere 
near so important a role as it did in theirs. We are led to conclude 
that the harmful effects of methylene blue should not be associated 
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essentially or chiefly with methemoglobin, but rather attributed to 
disorders of function due to the direct action of the drug itself. 

Conclusions. 1. Our observations indicate that methylene blue, 
under the conditions of this study, has two actions. The first of 
these is the oxidation of hemoglobin to methemoglobin. The amount 
of methemoglobin found immediately following the injection of the 
average therapeutic dose is small. 

2. The second is that this drug, used intravenously, excites the . 
individual and by its rapid elimination into the stomach and urine 
produces transitory gastro-intestinal and urinary irritation. The 
most frequent toxic symptoms observed were restlessness, paresthe- 
sias, a sense of “burning” in the mouth and stomach, pain in the 
chest and strangury. These manifestations usually subsided in 24 
to 48 hours. Leakage of a small amount of methylene blue about 
the vein gives rise to a very painful infiltration. 

3. Electrocardiographic studies show that methylene blue pro- 
duces a reduction in the height or even reversal of the T wave fre- 
quently with lowering of the R wave. This suggests depression of 
the ventricular musculature. 

4. The amount of methemoglobin found and the subsequent 
decrease in hemoglobin is not of sufficient magnitude to account 
for the clinical picture described on the basis of anoxemia. 

5. We therefore wish to point out that the indiscriminate use of 
methylene blue may produce unpleasant results and be dangerous 
to the patient. 


We are indebted to Dr. Arthur C. DeGraff for valuable suggestions in connection 
with this work. 
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THE THERAPEUTIC EFFICACY OF BISMUTH SUBNITRATE IN 
, ARTERIAL HYPERTENSION. 

By Curtis Bruen, M.D., 

NEW YORK. 

(Experiment carried out in the Adult Cardiac Clinics of Beth Israel Hospital and 
the Hospital for Joint Diseases.) 

Adequate control in the investigation of therapeutic results in 
arterial hj^pertension, as has been emphasized by Ayinan,'-’’ requires 
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an adequate regulated period of pre-treatment observation, uniform 
clinical conditions during control and experimental periods, and the 
determination of the effect of non-specific therapy. These prG\nsions 
are necessary in order to estimate the spontaneous lability of the 
blood-pressm’e, and the effects on the blood-pressure of the experi- 
mental procedure. The effects of such factors as frequencj'’ of 
visits, rest periods, and non-specific medication can be indi\ddually 
determined in separate experiments, and subsequently allowed for 
in interpreting the apparent results of therapy. Both the spon- 
taneous variability of the blood-pressure in response to uncontrolled 
environmental, physical and psychic conditions apart from clinical 
observations, and the response incidental to the special conditions 
of controlled experiment, under which the effect of therapy is to 
be investigated, can thus be preliminarily determined, and corrected 
for in the final interpretation of therapeutic results. But this leaves 
it still necessary to evaluate the change occmring during an experi- 
mental period by inference from remote changes which occurred 
during control periods. Unrecognized adventitious faetors may 
intervene to invalidate such inferences. 

Experimental Method. Yet it is possible so to organize the exper- 
imental procedure that the chemistry of the experimental and non- 
specific medications alone differentiates control periods from experi- 
mental periods. A standardized procedm-e for determinmg the 
blood-pressure, uniform frequency of visits during control and exper- 
imental periods, and the effect of non-specific therapy can be pro- 
vided for. Only two variables, apart from the long-time trend 
wliich may be neglected, remain; adventitious ,infiuences and 
therapeutic actions. Their effects can readily be distinguished. 
By alternating control periods under non-specific medication, not 
sensibly different from the experimental medication, with experi- 
mental periods nnder experimental medication, any alteration in 
the blood-pressure, which occurs during a period of experimental 
medication, can be referred either to adventitious factors or to the 
medication according to its continuance or cessation upon the re- 
sumption of non-specific medication. Such a procedure makes pos- 
sible the prosecution of ^dgorously controlled experimentation on 
the effects of therapeutic agents in arterial hypertension. 

Bismuth subnitrate by mouth has been utilized in dosages up to 
gr. X, 3 times a day, in the treatment of arterial hj^qiertension by 
Stieglitz,2 jn summarizing his results in extensive, though 

inadequately controlled, series, reported that the average systolic 
and diastolic pressures reverted far toward the maximum normals 
for the average age. In a smaller series, in which control factors 
were allowed for, Ayman^ found bismuth subnitrate in such dosage 
to be without demonstrable effect on the blood-pressure. 

Bismuth subnitrate by mouth was found in extensive tests on a 
subject with normal arterial tension to produce prolonged and 
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effecth^e reduction of the blood-pressure.^ Bismuth subuitrate by 
mouth, by reason of its presumptive nitrite action, would therefore 
appear to merit adequately controlled application in arterial hyper- 
tension to definitively evaluate its therapeutic efficcy. An experi- 
mental procedure appropriate to this purpose was elaborated. 

Method. The standardized method for determining the blood-pressure 
consisted in making and recording on a specially designed chart (Chart I) 
10 successive readings at each visit. This procedure v^as regarded as more 
applicable and practical than the use of rest periods, since it conforms more 
closelj’- to ordinary clinical usage, can be more uniformlj’- emplo3"ed and 
consistently regulated, and requires less psychic adaptation and compliance 
of the patient. 'While each reading was being charted the. air was allowed 
to escape freel}'- from the cuff in order that distal circulation might be 
reestablished. The time of beginning and concluding each detennination 
was recorded to the nearest half minute. The interval covered by a blood- 
pressure determination was 3-1 or 4 min. in most instances, but ranged from 
2^ to 65 min., depending upon immediate manipulative requirements, and 
particularly the height of the sj^stolic pressure. 

Only blood-pressure determinations made at weeklj’- intervals were 
regarded as significant and comparable. The respective clinics were held 
early Monday and Wednesday evenings, with the exception of three 
Tuesday mornings at one and a Tuesday evening at the other, to avoid 
greater derangement, or interruption, of the e.xperimental routine b}’' 
holidays. The patients wer? seen in turn after variable waiting periods, 
the length of which depended upon immediate clinical exigencies; but, 
since the individual patients tended to habituate themselves to coming 
each week at the same hour, thej'- tended to be seen regularly at about the 
same time and after uniform waiting periods. At each visit a detailed 
interval histor}’’ was taken and a physical examination done in accordance 
with the standard record-form used in the clinics. The patients were seen 
exclusively bj’" one physician, who urged the necessity of regular weekly 
wsits, listened with patiently sympathetic interest to all complaints and 
unburdenings, and evinced a candidly encouraging attitude in responduig 
to inquiries regarding clinical progress. 

During a 3-weekly-wsit foreperiod, the patients were kept on the lactose- 
tablet placebo regularly used as control medication in the clinics, in order 
to permit of comparison of the blood-pressure determinations made accord- 
ing to the special method of the experiment vith the blood-pressures 
recorded during prewous observation, and to render the period of prewous 
observation available as a supplementarj’’ control period. 

Subsequently 3-weekly-wsit control periods on non-specific medication 
consisting of cerium oxalate in amounts grossly equivalent to the prospective 
dosages of the ex'perimental medication were alternated mth 3-weekl3'- 
wsit experimental periods on bismuth subnitrate. Cerium oxalate was 
chosen as the non-specific medication, because it is an inert substance having 
onl3r inert impurities, and in consistenc3’- and appearance superficialty 
resembles bismuth subnitrate. Cerium oxalate proved adequate as the 
control medication inasmuch as but one patient more or less consistentty 
inquired of the occurrence or discontinuance of a slight seeming pinkness 
and sweetness in the medication after it had in fact been changed, and onl3^ 
one other intimated at one time that she had made a comparison of a left- 
over sample of a past medication wdth the present medication and noted a 
difference. 

Three successive experimental courses in which the graded do.sages of 
cerium oxalate of gr. x-ii, gr. xv, and gr. xxii corresponded to the graded 
dosage of bismuth subnitrate of gr. x, gr. xx, and gr. xxx were prosecuted. 
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The medication was dispensed in boxes containing the exact number of 
powders to be taken, before the succeeding visit- The powders were pre- 
scribed to be taken 3 times a day, apportioned approximate! j'- every 8 hrs. 
to conduce to an even distribution through the 24 hrs. Tlie hour of the 
last medication before each xdsit was asked and recorded to encourage the 
regular taking of the medication, to insure medication before visits, and 
to define the interval between the last medication and the registration of 
its possible effect. This interval ranged from 3 to 6 hrs., but was usually 
4 hrs. 

Material. Patients newly assigned or carried under the diag- 
nosis of hjqiertension, unselected except with regard to their main- 
tenance of cardiac compensation and regular sinus rhythm, ivere 
entered into the experimental series as they became available. 
All who proved amenable to the experimental routine were retained, 
except those ivlio registered diastolic pressures regularly below 90, 
or who ivere eliminated through the development of heart failure 
or prolonged intercurrent illness. The final series (Table 1) con- 
sisted of 20 cases, 1 male, 19 females, in 15 of ivhom all S.experimen- 
tal courses were completed, in 3 the first 2 courses, and in 2 only the 
first course. Two wmre new patients; 5 w^ere in the first 6 months, 
and 6 in the second 6 months of observation; 3 were in the second, 

3 in the third, and 2 in the foimth year of observation. 

Their age ranged from 27 to 73 with a median of 51 years. The - 
stated Imonm duration of hypertension ranged from a few months to 
19 years wdth a median of 3 years. Their average control systolic/ 
diastolic pressure ranged from the minimum of 139/97 to the maxi- 
mum of 258/137 ivith a median of 164|/113. The changes in their 


Legends for Charts I and II. 

Chart I. — Blood-pressure record chart. The section to the left of the double line 
reproduces the blood-pressure readings recorded during the period of previous obser- 
vation. The mode of the 10 successive blood-pressure readings recorded on each 
visit during the experiment, indicated by being enclosed in a circle, represents 
the result of the determination. The medication taken during the interval pre- 
ceding the visit, together -with the time of taking the lost dose, and the date, together 
rvith the times of bepnning and completing the blood-pressure determination, are 
recorded below the blood-pressure readings. In the subsection on the extreme right, 
the blood-pressure before and after the inhalation of amyl nitrite is recorded. 

Chart II. — Graphic case records. The ordinates represent the blood-pressure in 
millimeters of mercury; the absciss® represent successive rdsits. Bach of the 20 
largo rectangles represent the course of the blood-pressure in the case designated 
by the number in its upper right-hand corner. Weekly visits during the period of 
previous observation are indicated by black dots, fortnightly by circles, other visits 
by circles vith numerals subscribed to designate the number of weeks. When, 
during the period of prerdous obscrv'ation, more than one blood-pressure reading 
was recorded at a visit, the first reading is indicated by being included in the graph 
of the trend. For the period of the experiment, each level of the blood-pressure 
recorded in the 10 successive readings of a determination is indicated by a circle, 
and their mode by a black dot. The trends of the maximum, modal, and minimum 
pressures are indicated by graphs. The small empty rectangles indicate dosages of 
cerium oxalate, the blackened rectangles dosages of bismuth subnitrate. Gaps in 
these rectangles indicate interruption of medication and extensions of the interv'al 
between visits. The arrow-tipped vertical lines represent the response to the inhala- 
tion of amyl nitrite. 
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• Mcilico-Actimrial Mortality Investigation, New York, vol, 1, 1912. 

t Abbreviation.^, initials or first letters of: Hypertension, ^\rtcriosclerosis, Unknown, Enlarged Heart, Sclerosis of Aorta, Coronary Sclerosis, Aortic Insufficiency or Stenosis, Mitral Insufficiency or Stenosis, Regular 
Sinus Rhythm. 

I Code letters: I « Able to carry on habitual physical activity. Ila == Slightly dimlnisbcd physical activity. Ilb ~ Greatly (fiminished phj’sical activity. B = Possible heart disease. F = Potential heart disease. 
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retinal arterioles ranged by fine gradations from a minimal inerease 
of the light reflex to extreme narrowing with perivasculitis. The 
peripheral arteries on palpation were in 5 of normal resistance to 
compression, in 6 of probably increased resistance not sufficient in 
degree to be definitely assignable to the vessel wall rather than to 
its internal pressure, m 6 of definitely increased resistance, and in 
3 of markedly increased resistance. 

The response to the inhalation of amyl nitrite^-^'^ was determined 
in 18 cases (Chart 11). Drastic drops in the systolic and diastolic 
pressures occurred in all but 1 case. This case, which gave only 
slight and equivocal responses in repeated trials with amyl nitrite 
and nitroglycerin, registered the highest blood-pressure in the series, 
showed only an intermediary degree of narrowing of the retinal 
arterioles, and presented scarcely any definitely increased resistance 
of the peripheral arterial walls. Neither the absolute nor the rela- 
tive extent of the response in the remaining cases showed any rela- 
tionship to the anatomical condition of the radial arteries or the 
retinal arterioles. 

Cardiac hypertrophy occurred in 17 cases. One gave physical 
signs of aortic valvular lesions, 1 of a mitral lesion, and 2 of com- 
bined lesions. Renal involvement of a degree requisite to occasion 
nocturia was indicated in 18 cases, a tendency to subcriterional 
specific gravity in 14, traces of albumin in 14, and hyaline casts in 4. 
An accompanying condition of non-toxic goiter occurred in 1 case, 
of diabetes mellitus in 2. One gave a history of arrested lues. All 
had negative blood Wassermann tests. 

They, being poor women, were hard beset. No directed effort 
was made to investigate their psychic status. But in the course of 
the incidental observation of their behavior on the part of the physi- 
cian, and the inevitable unburdening on the part of the patients, 
incident to prolonged clinical observation, sufficient data accrued to 
assess the psychic status in almost all cases, and to assign diagnoses 
of minor psychic abnormalities in f of the cases. Outright neuras- 
thenia occurred in 2, hysteric manifestations in 3, conditions ap- 
proaching psychasthenia in 3, and independent or concomitant 
intensification or instability of affective tone in 7. , 

Results. The blood-pressure reading nearest the apparent mode 
of the 10 successive readings was designated as the result of each 
blood-pressure determination (Chart I). The variation of this 
modal blood-pressure was regarded as representative of the variation 
of the blood-pressure during the course of the experiment. The 
blood-pressiu-e in the several cases pursued a great variety of indi- 
vidual courses (Table 1 ; Chart II). Its fluctuations were invariably 
attributable to adventitious factors. In no instance did a drop 
in the blood-pressure, significant on comparison with the control 
values, correspond with or accompany the administration of bis- 
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mutli subnitrate. Throughout bismuth subnitratc was without 
demonstrable effect on the blood-pressure. The previous observation 
of reduction of the blood-pressure in arterial hypertension/ made 
in the absence of the control of immediately preceding non-specific 
medication, was not confirmed. 

The symptoms, dyspnea, palpitation, cardiac pain, dizziness, and 
headache, described in terms both of their absolute degree and its 
comparison vdth that of the preceding \dsit,_ because they appeared 
to be most easily evaluated and most literally reported by the 
patients, were selected, together vdth any particularly prominent 
individual symptoms, as a basis for the generalization of the symp- 
tomatic course during the experiment (Table 1)., The symptoms 
also pursued an independent course without reference to the admin- 
istration or withdrawal of bismuth subnitrate. Bismuth subnitrate 
was without apparent effect on the symptoms. 

Samples of freshly voided urine collected on the last visit of each 
control period, and on the first and last visits of each experimental 
period, were immediately tested for nitrite by the addition of sul- 
phanilic acid— a-naphthylamin acetate reagent. With rare excep- 
tions, distributed proportionately between control and experimental 
periods, the urine tested negative for nitrite. Bismuth subnitrate 
did not give rise to the excretion of nitrite in the urine. 

Summary and Conclusions. 1. Adequate control in the investi- 
gation of therapeutic results in arterial hypertension requires pro- 
vision for both the spontaneous lability of the blood-pressure and 
the effect of the experimental procedure itself on the Idood-pressure. 

2. AVlien the ex\oerimental procedure is so organized as to provide 
a standardized method of blood pressure determination, uniform 
frequency of visits, and the alternation of control periods mider 
non-specific therapy with experimental periods under experimental 
therapy, any alteration in the blood-pressure which occurs can be 
either attributed to adventitious factors or interpreted as a thera- 
peutic effect. 

3. Such an experimental procedure is self-contained, ina'smuch as 
its control periods are adequate for comparison with its experimental 
periods, independently of any period of previous observation. 

4. Such an experimental procedure, directly applicable to any 
therapeutic agent that acts without delay, cumulative effects, or 
retention, and adaptable to therapeutic agents different in these 
respects, was de^^sed and applied to the investigation of the thera- 
peutic efficacy of bismuth subnitrate. 

5. Bismuth subnitrate by mouth, even in the largest thcraiicuti- 
cally practicable dosage, does not develop sufficient nitrite action 
to exert any demonstrable effect on the blood pressure or symptoms 
of arterial hypertension under the conditions of rigorously controlled 
experiment. 
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THE IONTOPHORESIS OF ACETYL-BETA-METHYLCHOLIN 
CHLORm IN THE TREATMENT OF CHRONIC 
ARTHRITIS AND PERIPHERAL VASCULAR 
DISEASE.* 

PRELIMINARY REPORT. 

By Joseph Kovacs, M.D., 

ASSISTANT IN MEDICINE, NEW TORE POST-GRADUATE MEDICAD SCHOOL OF COLUMBIA 
university; assistant physician, dispensary, new YORK POST-GRADUATE 
HOSPITAL, NEW YORK, N. Y. 

(From the Arthritis and Vascular Clinics of the Department of Medicine of the New 
York Post-Graduate Medical School and Hospital of Columbia University.) 

The discovery that cholin compounds relieve vascular spasm and 
increase peripheral circulation induced me to experiment with them 
in chronic arthritis, where we deal generally with disturbed circula- 
tion, and in the spastic tjqies of peripheral vascular disease. 

The importance of circulatory disturbances in chronic arthritis is 
generally recognized and it is believed by many to be an essential 
factor in causing and maintaining a rheumatic condition. The poor 
circulation may be considered as an etiologic factor in this symptom 
complex, although definite proof in this regard is still lacking. 

It was found by Wright and Pemberton,^ Rhumann," Lunedei and 
Corradini,® and ourselves"* that disturbances of the circulation fre- 
quently accompany and undoubtedly aggravate chronic arthritis, 
hence the improvement of disturbed circulation plays a prominent 
role in th6 therapy of arthritis. 

The usefulness of the acetyl-cholin group to increase peripheral 
circulation has been limited by the fact that it is rapidly destroyed 
by body fluids and blood. Recently another compound of cholin— 
acetyl-bka-methylcholin chloridt— has been studied by Simonart.^ 
His investigation seems to indicate that acetyl-beta-methylcholin 
chlorid offers greater possibilities of clinical usefulness. He claims 
that it is destroyed more sloAvly in blood and body fluids, is more 
potent, and lacks almost entirely certain undesirable by-effects of 
acetyl-cholin. On normal persons and in peripheral vascular dis- 
eases, when administered subcutaneously, its action begins within 
2 min. and ceases within 15 to 20 min. (Starr and collaborators).® 

* Aided by grants from the Josiah Macy, Jr., Foundation. 

t Synthetized by R. T. Major and J. K, Cline, J. Am. Chem. Soc., 54, 242, 1932, 
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There is a slight fall of blood pressure, rise of pulse rate, flushing, 
sweating, and increased salivation. Administered by mouth its 
action begins within 15 to 75 min., lasts | hour to 1 hour, and is 
much milder. 

When drugs are administered in a diluted solution and given sub- 
cutaneously or intravenously, or taken by mouth, the effective ions 
are absorbed by the blood and distributed to all parts of the body, 
even though they are more needed locally. In the case of cholin com- 
pounds the local effect is greatly reduced because much of the drug 
is destroyed by the blood. In order to obtain a more effective local 
result the induction of acetyl-beta-methylcholin chlorid by ionto- 
phoresis (medical ionization) was attempted in the experiments 
herein reported. 

In this method the ions are introduced locally from the surface, 
and there is onlj'^ a slight general effect due to the absorption into 
the blood stream. Iontophoresis is accomplished by the use of 
galvanic current: if pad electrodes are soaked in a diluted solution 
of drugs and connected to a source of galvanic current, the ions of 
these drugs penetrate into the tissues under the effect of the suitable 
pole. The factors of the depth of penetration theoretically depend 
(1) on length of time the current flows, (2) on the electromotive 
force, (3) on the weight of the ions, and (4) on the tissues being 
treated. 

Technique. A 1% solution of acetyl-beta-methylcholin chlorid (1 gm, 
in 100 cc. of water) is employed. The drug being an alkaloid vdth a positive 
cliarge, can be introduced into the tissues from the positive pole only. Rein- 
forced asbestos fabric paper is saturated with the solution and vvapped 
around the affected joints, A fairly large malleable metal plate is placed 
over the wet asbestos paper and connected to the positive pole of a galvanic 
generator. A dispersive, ve^ large, regular moist pad electrode is applied 
to the back or abdomen and is connected vnth the negative pole. 

The current is turned on and slowly increased to 20 to 30 milliamperes, 
always being kept vdthin comfortable toleration to the patient. Treat- 
ments of 20 to 30 min. are employed. To avoid the possibility of bums, 
care must be taken that the metal electrode or electrode clamps do not 
come in direct contact vnth the skin. The asbestos paper is more satisfac- 
torj" than gauze or blotting paper for it absorbs less fluid and keeps moist 
for a longer time. We often treat two regions of the body at the same time, 
with the help of a bifurcated cable from the positive pole. After treatment, 
the part treated is dried and kept covered. 

Physiologic Effects. Local. 1. “Gooseflesli,” due to the contrac- 
tion of the erector muscles of the hair follicles, was observed imme- 
diately after treatment and disappears within 10 to 30 min. 

2. Sweating was observed immediately after treatment and con- 
tinues for 8 to 10 hours. It is probably due to a direct action of the 
drug on the sweat glands, or their nerve supply. 

3. Increase of skin temperature in cases where a spasm of the 
peripheral blood supply was present. The increase of temperature 
varied between 4 to 10° F. and remained for 2 to 4 hours. 
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4. 'Increase of rate of capillary flow without enlargement of the 
capillaries. The number of visible capillaries were not increased 
after treatment. 

5. Slight redness of the skin which remained for 1.5 to 2 hours, due 
probably to the enlargement of the deeper small arteriole vessels. 

6. Increased salivation when treatment was applied in the region 
of the salivary glands. 

7. A questionable slight increase in the local leukocyte count was 
noted. Differential and total blood counts taken before and imme- 
diately after treatment from the treated part showed no change in 
the differential count, but a slight increase in the number of leuko- 
cytes (600 to 1000— in 1 case 3000). This was a constant finding but 
is recognized to be within the limits of error. 

8. Warm feeling of the treated part for 24 to 72 hours; after re- 
peated treatments, for longer periods; in some cases for a whole week. 

9. In certain patients increased oscillometric readings were noted. 

10. Reduction of swelling and increased mobility. 

11. Relief of pain. 

General Effect. When large areas were treated we often also 
observed a general effect causing flushing, sweating, increase of 
pulse rate and salivation, slight lowering of blood pressure and 
evidence of intestinal peristalsis. The intensity of these symptoms 
varied individually. They started generally after 1 to 10 min. and 
ceased right after the treatment was brought to an end. 

Therapeutic Results. While this series of patients is too small 
and followed for too short a time to draw definite conclusions con- 
cerning the permanent value of the treatment, the results warrant 
presentation of evidence as a guide to future work. 

Chro7iic Arthritis. Forty chronic rheumatic patients have been 
treated; 16 rheumatoid arthritics, 14 osteoarthritics, 3 cases of 
bursitis, 3 of sciatica, and 4 of neuritis. 

In order to evaluate the obtained results, it was necessary to estab- 
lish a principle on which to base conclusions. We regarded it as an 
improvement only if there was a definite reduction in pain, swelling 
and stiffness, with increase of function and lessening of deformities. 
Patients had for the first 3 to 4 weeks 2 treatments weekly, later 1. 
Most of the selected cases were old clinical patients who had previ- 
ously had, in addition to general treatment, all other kinds of local 
treatment, such as diathermy, short-wave fever treatment, Roentgen 
ray treatment, etc., without relief of pains or improvement of symp- 
toms. We did not change the form of general treatment, as Ave 
wished to gain a clear picture of the reaction of the iontophoresis. 

The most promising results were obtained in the otherwise stub- 
born cases of rhemnatoid arthritis; 95% of the cases showed improve- 
ment. These good results were anticipated in rhemnatoid artliritis 
because this is the tjq)e of arthritis in AA'hich Ave have found the most 
pronounced circulatory disturbances. Two cases, after 2 months 
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of treatment, were symptom-free and have been without any com- 
plaint for the last 3 months, but most of the cases are still under 
treatment with improved condition. 

In the osteoarthritic tj’-pe the results were likewise encouraging. 
In this tj^ie of arthritis other therapeutic measures like heat, dia- 
thermy, massage, etc., had given satisfaction. With acetyl-beta- 
methylcholin chlorid iontophoresis there was a definite improvement 
in 80% of the cases. 

There was full recovery in the 3 cases of sciatica, where diathermy 
and galvanic treatment had failed to give relief. All the sciatica 
cases were in a toxic or infectious stage without any changes in the 
bone structure of the spine. 

In the 3 cases of bursitis 2 responded quickly but in the 3d case 
the treatment failed to give relief. 

The 4 neuritis cases reacted well to the treatment and in every 
case there was a quick full recoverjL 

In both types of arthritis where the patients had definite swellings 
we observed after treatments a reduction of the swelling and an 
increased capillary circulation. Further studies are necessary to 
determine whether the increased capillary circulation is responsible 
for the reduction of swelling or whether the reduction of swelling re- 
lieving the tension of the tissues facilitates the capillary circulation. 

This is not an attempt to create the impression that acetyl-beta- 
methylcholin chlorid iontophoresis is a specific therapy for chronic 
artliritis. Chronic arthritis must be considered as a systematic 
disease, with local manifestations in the joints. Treatment of the 
disease must be done primarily through systemic general measures, 
to which local measures are added. These local measures are equally 
important because they relieve painful and uncomfortable local 
symptoms of the patient and tend to prevent or ameliorate local 
organic changes. Acetyl-beta-methylcholin chlorid iontophoresis 
is a local therapeutic measure and thus far seems to promise more 
satisfactory'’ results than other local therapeutic measures. 

Peripheral Vascular Disease, It rvas felt that because of the 
physiologic effect and the clinical results of this treatment it might 
be of value in the treatment of the group of peripheral vascular 
diseases in which spasm is the chief factor.^ In the few cases treated 
desirable results have been obtained, namely, release of spasm with 
increased circulation. As noted by surface temperature, elevation 
and improvement of the capillary circulation; other symptoms also 
showed improvement. Chronic vascular ulcers have shown unusu- 
ally rapid healing powers. This series is being further enlarged 
and studied and will be the subject of a later report. 

In spite of the pronounced local action and good therapeutic 
results, we must admit that we still do not loiow precisely how much 
of the drug is absorbed by the tissues with the iontophoresis method 
and how deep the drug penetrates. Further investigation is needed 
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to explain the exact action of acetyl-beta-methylcholin clilorid 
iontophoresis on the local circulation and sweat glands. 

That the effect of acetyl-beta-methylcholin chlorid iontophoresis 
is specific and not a simple galvanic effect was demonstrated in the 
folloAving way: both hands of a patient were treated at the same 
time— one hand with the drug and the other with normal salt solu- 
tion. Both hands were connected to the positive pole with the help 
of a bifurcated cable. The indifferent negative electrode was at the 
back. After 20 min. treatment with a 20 milliamperes strong gal- 
vanic current, the hand with normal salt solution remained cold. 
There was no sweating, only a slight redness in patches and the 
capillary picture remained unchanged. The hand treated with the 
drug showed all the characteristic symptoms of acetyl-beta-methyl- 
cholin chlorid iontophoresis; as increased skin temperature, sweating 
(w^hieh continued 6 to 10 hours), gooseflesh, faster capillary flow and 
a slight diffuse redness. 

The effect of acetyl-beta-methylcholin bj'^ iontophoresis is not 
confined to a skin area, and hence is quite different from a simple 
counter irritant. The general reaction points to the absorption of 
the drug into the general circulation. The therapeutic effect of this 
form of treatment might be explained by the deposition of the drug 
in the superficial tissues and its slow absorption from there, giving 
prolonged slight general vasodilatation, combined with a pro- 
'nounced and prolonged local effect. 

Conclusions. 1. A preliminary report on the action of the ionto- 
phoresis of acetyl-beta-methylcholin chlorid is presented. 

2. Acetyl-beta-methylcholin chlorid introduced locallj'’ with the 
help of the galvanic current produces a pronounced and prolonged 
local effect which cannot be obtained through subcutaneous or oral 
administration. 

3. This local treatment appears to be of value in chronic artliritis, 
especially in the rheumatoid type. 

4. This treatment may also be of value for patients with peripheral 
vascular disease in which spasm is an important factor. 

5. No harmful general effects were observed. 

6. Further studies with prolonged observation of cases, especially 
in view of the fallacies lurking in the evaluation of the therapeutic 
test, are essential for the correct evaluation of this method. 
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Remarkably few studies of the bone marrow in idiopathic throm- 
bopenic purpura have been reported.®''*-'^’”’'^ All of these reports, 
except that of Minot, ^ have presented evidence of abnormalities of 
the megakaryocytes and thus have given substantial support to the 
theory of Frank^ as to the pathogenesis of this condition. Notwith- 
standing this fact, the prevailing opinion in American textbooks of 
medicine is that there are no changes of note as regards the mega- 
karyocytes in the bone marrow in this disease. Minot and Buck- 
man^ make a statement to the effect that the few human cases 
studied postmortem “show no decrease in the number of mega- 
karyocytes, which suggests that defective formation of platelets 
does not necessarily occur in this idiopathic form of the disease.” 
Sturgis® states that “the bone marrow does not show characteristic 
changes; there does not appear to be a reduction in the number of 
megakaryocytes.” No statement as to the bone marrow in this 
condition is made in Osier and McCrae’s Principles and Practice of 
Medicine.^® On the other hand, Naegeli® holds that a bone marrow 
disorder lies in the forefront in this condition. 

In view of the fact that the studies which have been made on the 
bone marrow of patients with this disorder have been few and have 
not led to uniform results, we have been studying during the past 
3 years morphologic characteristics of the bone marrow of a small 
series of patients with this tj^pe of purpura. The sternal marrow 
has been studied in most of our patients, as this was found to be 
the easiest to obtain from livhig subjects. The marrow from other 
locations was studied postmortem in a few cases. The marrow has 
been found to be essentially normal in 4 of 6 patients with the typical 
findings of idiopathic thrombopenic purpura. In the other 2 
patients the megakaryocytes were diminished in numbers and 
appeared abnormal. 

Methods and Results. We have relied mainly upon the findings in sec- 
tions of marrow stained with hematoxjdin and eosin. Other stains— Giemsa, 
Jenner-Gienisa, Wriglit's and supravital neutral red, have been used also in 
part of the cases. We regret that complete studies of this nature were not 
made in all of our patients. Such stains are now included in the routine study 
of all of the specimens of marrow removed from the sternum in tliis clinic. 
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Case Reports. Case 1. — M. W. (Unit No. 31010). Married woman, 
aged 31, presented the t 3 'pical history and clinical findings of chronic idio- 
patliic thrombopenic purpura — repeated epistaxis, purpuric lesions in skin, 
profuse menstrual bleeding. The red blood cell count was 4,580,000 per 
cmm. The hemoglobin was 75% (Saldi). The white blood cell count was 
7350 per cmm. and the differential count was normal. The blood platelets 
were markedly reduced, a fixed stained smear shoTNung about 1 normal 
platelet per oil-immersion field. The bleeding time was 6 min. The coagu- 
lation time (test-tube method) was 15 to 18 min. The clot was verj'^ friable 
and broke upon an attempt being made to pick it up. 

A specimen of marrow was removed from the sternum. A section of this 
stained with hematoxylin and eosin showed no apparent decrease in the 
number of the megakarjmcjdes and no morphologic abnormalities of these 
cells. The eosinophilic myelocytes were not increased. The other marrow 
cells were present in proportionately normal numbers. Smears stained 
TOth Giemsa and Jenner-Giemsa stains revealed an entirelj’’ normal picture. 

Ivipression. Normal bone marrow. Clrronic idiopathic thrombopenic 
purpura. 

Case 2. — E. P. (Unit No. 52088). Married woman, aged 36, had a 
classical liistory for chronic idiopathic tlu-ombopenic purpura. The labora- 
tory findings were typical of this condition, the only unusual finding being 
a persistent leukopenia. The number of leukocytes varied between 1620 and 
6600 per cnun. (average of 46 determinations, 3633). Repeated differential 
counts revealed normal percentages of the various wliite blood cells. The 
number of the red blood cells A'aried between 3,140,000 and 5,180,000 and 
the percentage of hemoglobin between 60 and 103 (Sahli). The percentage 
of reticulocytes remained low, the highest figure being 6 and the lowest 
1.2. The bleeding time was prolonged, 6, 8, 12|, 23, 27J and 30| min. 
The coagulation time was 8 to 14 min. (test-tube method). The clot was 
friable and did not retract. 

Bone marrow, removed from the sternum on December 10, 1931, and 
stained with hemotoxylin and eosin, showed abundant marrow cells. There 
was no appreciable reduction in the number of the megakaryocjdes and 
morphologically, these cells appeared to be normal. The eosinophilic myel- 
ocytes were numerous and seemed to be shghtly increased in numbers. 
The other cells appeared to be normal. 

Impression. Normal bone marrow. Chronic idiopathic thrombopenic 
purpura. 

Case 3.— S. B. (Unit No. 26047), Married woman, aged 23, whose 
illness was characterized bj' evidence of a hemorrhagic diathesis — bleeding 
from gums, nose and vagina. The duration of the illness was 3 months. 
She was under observation in the Rochester Municipal Hospital during 
the last 3 weelvs of life. The red blood cell count remained between 1,610,000 
and 2,400,000 per cmm. The hemoglobin varied between 24 and 40% 
(Sahli). The number of the white blood cells fluctuated between 16,050 and 
12,300 per cmm. The differential counts were normal. The percentage 
of reticulocjdes was 10 on one occasion and 5.7 on another. The plate- 
lets were markedly reduced, none being found in a fixed stained preparation 
on two occasions and only a very few on another. The coagulation time 
(test-tube method) was 8 to 12 min. There was no clot retraction. The 
clot was rubberj" and elastic. The bleeding time was greater than 30 min. 
Blood was found in both urine and stool specimens. The patient died 23 
days after admission to the hospital. 

Anlopsy. The bone marrow from the midfemur was uniformly dark 
red. All fat seemed to have been replaced. A section stained with bemat- 
oxjdin and cosin revealed evidence of a moderately hj'perplastic marrow. 
The megakarj'ocjdes were quite numerous. They varied in size, many of 




Fig. 1. — A typical field from a section ot marrow from the femur of Case 4. Hemat- 
oxylin and cosin stain. (X 430.) Note the presence of megakaryocytes with largo 
vesicular nuclei. 



Fig. 2. — A typical field from a section of the stenral bone marrow of Case 5. 
Hematoxylin and cosin stain. (X 430.) Three megakaryocytes are present; 2 of 
these have heavy staining elose-tcxturcd nuclei. 





Fig. 3. — A ts'pical field from a section of the sternal bone marrow of Case 6. Hemat- 
oxylin and eosin stain. ( X 250.) No megakaryocytes are present. 
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them being onlj’- about | as large as usual. Most of these smaller cells had 
shrunken, dark-staining irregular nuclei -ndth a small amount of pink C 3 'to- 
plasm. Most of the larger megakaryocj’tes had small, round, clear nuclei 
mth abundant pale cytoplasm. A few of them showed shrunken, dark- 
staining nuclei with more deeply pink C 3 ’toplasm; Eosinophilic myelocytes 
were not relatively increased in numbers. The other marrow cells, though 
abundant, showed no distinct changes. 

Impression. Hyperplastic bone marrow with morphologic variations 
of the megakaryocytes. Acute idiopathic thrombopenic purpura. 

Case 4. — S. M. (Unite No. 24234). Widow, aged 48, gave a history of 
generalized purpura for 5 weeks and tarry stools for a few Weeks. On the 
morning of admission she suddenly developed t\vitching of the left forearm 
and hand and then became paralyzed. She became comatose and died the 
day after admission. Her red blood cell count was 3,000,000 per cmm. 
The hemoglobin was 65% (Sahli). The white blood cell count was 7500 
per cnam. and the differential count was normal. No platelets were found 
in a fixed smear stained vdth Wright’s stain. The capillar 3 " clotting time 
was 5 to 6 min. The clot did not retract. The urine gave a strongly positive 
guaiac test. 

Autopsy. The bone marrow from the middle of the right femur was 
, grayish-red and seemed to have retained only a small amount of the usual 
fat. The marrow of the lumbar vertebras was pale gra 3 ash-red. That of 
the ribs was diminished in amount and had a pinkish-gra 3 r color. Sections 
from the ribs, vertebras and femur (Fig. 1) were stained with hematox 3 din 
and eosin. The marrow was of normal amount. Frequent megakar 3 ’-ocytes 
were present. Most of these were large cells with a uniformly pink cyto- 
plasm and with numerous round to oval clear finely stippled nuclei. Ver 3 " 
few were noted with deep blue nuclei. Eosinoplulic myelocytes seemed 
slightly increased in numbers. The other cells showed no abnormalities. 

Impression. Slightly h 3 ’perplastic bone marrow. Acute idiopathic 
thrombopenic purpura. 

Case 5.— R. T. (Unit No. 47855). Unmarried male, aged 19, gave a his- 
tory’- of recurrent severe epistaxis for 2 years. For 10 days he had had 
generalized purpuric areas. His red blood cell counts varied between 4,660,- 
000 and 5,100,000 per cmm. with hemoglobin values between 80 and 90% 
(Sahli). The white blood cell counts fluctuated between 3500 and 7200 
per cmm. The differential counts were normal, the neutrophils represent- 
ing 57 to 76% of the cells. The percentage of reticulocytes was 3. In 
fixed stained smears, the platelets were absent or very rare. The bleeding 
time was greater than 1 Im. The coagulation time (test-tube method) was 
12 min. The clot was soft and jelly-lilce. 

A specimen of sternal bone marrow w'as removed on March 21, 1932. 
A section of this stained -with hematoxylin and eosin was not entirely satis- 
f actor 3 '', due to the small amount of marrow. However, the number of mega- 
kar 3 ' 0 C 3 "tes appeared less than normal and a good percentage of those 
present had hea^'y-staining nuclei of the close-textured t3q3e. Supra\dtal 
neutral red, Giemsa and Jenner-Giemsa preparations showed less mega- 
karyoc 3 i;es than normal. The other marrow cells appeared normal (Fig. 2). 

Impression. Reduced number of megakar 3 ’’OC 3 rtes in the bone marrow. 
Chronic idiopatliic tlirombopenic purpura. 

Case 6. — R. K. (Unit No. 75955). Unmarried man, aged 41, had had 
600113000863 and numerous petecliire on frequent occasions for 15 years. 
On one occasion he had had slight bleeding from the gum. EpistaxLs liad 
occurred only occasionally. Has red blood cell count was 2,970,000 per 
cmm. The hemoglobin was 10.5 gm. per 100 cc. The reticuloc 3 'tes wore 
0.1%. The volume of packed red blood ceUs was 35.4 cc. The mean 
corpuscular volume was 119.2 cc. The mean corpuscular hemoglobin was 
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35.37Y. The mean corpuscular hemoglobin concentration was.29.6%. The 
white blood cell count was 4200 and the differential count was normal. 
There was about 1 platelet to each 6 to 8 oil-immersion fields in a fixed 
smear stained ■v\dth Wright's stain. The bleeding time was 5 to S min. The 
coagulation time (test-tube method) was 8 min. The clot retracted poorly. 

A specimen of marrow was removed from the sternum (Fig. 3). Sections 
of this stained with hematoxylin and eosin revealed a relatively abundant 
cellular content. The eosinoplnlic myelocytes appeared to be increased 
in numbers. The number of the megakaryocytes was markedly diminished, 
only 3 or 4 being found in each section. Only one of these appeared normal. 
The others showed a very scanty cytoplasm. Their nuclei were dark blue, 
shrunken and finely granular. The other marrow cells appeared normal. 

Impression. Heduced numbers of megakaryocytes in the bone marrow. 
Chromic idiopathic thrombopenic purpura. 

Discussion. Our observations are not wholly in accord with either 
of the two more important theories (Franks, Kaznelson®) as to the 
mechanism responsible for the diminished number of platelets in the. 
peripheral blood of patients with idiopathic thrombopenic purpura. 
The failure to find any abnormal changes of note in the bone marrow 
of 4 of the patients supports the contention of Kaznelson that the 
primary disorder is not in the bone marrow. The fact that the 
morphologic appearance of the bone marrow presented no marked 
changes does not prove, however, that the marrow was functionally 
normal. Nevertheless, from these findings it would be impossible 
to say that the platelets were not destroyed after entermg the periph- 
eral circulation and that the spleen was not probably the most 
important center for this destructive process. 

The presence of diminished numbers of megakaryocytes in 2 of the 
cases presenting the typical picture of idiopathic thrombopenic 
purpura supports Frank’s original idea that the primary disorder 
lies in the bone marrow. The cases reported by Seeliger,^- Jedlicka 
and Altschuller,^ Schmincke^i and Gerlach* further support this 
theory. Finally the findings in 1 of our patients (not included in 
this report) who had an aplastic marrow at death but who several 
months previously had had marrow which was capable of regenera- 
tion is in conformity with Frank’s theory. Our impression is that this 
patient had marked aplasia of the megakaryocytes and slight aplasia 
of the granulocytes when first obseryed. Later the red cell fvmction 
of the marrow was involved also and aplastic anemia resulted. 

In view of the fact that our observations have shown clear-cut 
evidence of bone-marrow involvement in some patients with idio- 
pathic thrombopenic purpura and in others no involvement of the 
marrow, we are inclined to think that there are at least two different 
types of this condition insofar as the bone marrow is concerned. 
Lescher and Hubble® have previously made a suggestion of this 
same nature. We have felt that those cases of chronic idiopathic 
thrombopenic purpura which presented normal morphologic bone- 
marrow findings would be more likely to profit by splenectomy than 
would those who had an abnormal bone marrow. Our series of 
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cases is much too small to justify any positive assertion in this con- 
nection. It would seem to us advisable to have sternal bone-marrow 
studies on all such patients prior to operation. If such observations 
are recorded in various clinics, it may be possible to determine 
whether the prognosis as regards the effect of splenectomy can be 
more correctly evaluated by loiowing the bone-marrow picture. 

It may be stated here that we have never encountered any 
trouble from removing marrow from the sternum of patients with 
diminished numbers of platelets and abnormal coagulating mechan- 
isms. In addition to the cases here reported, we have removed bone 
marrow from the sternum of several additional individuals, some 
of whom had symptomatic thrombopenic purpura. We have always 
either given the patients a transfusion before operation or else have 
had a donor available in case of bleeding after operation. As a 
routine measure, we would suggest that the sternal marrow be 
removed within 48 hours after transfusion and that a donor be on 
hand in case postoperative bleeding should occur. 

Conclusions. 1. The bone marrow in idiopathic thrombopenic 
purpura may present no abnormal morphologic characteristics or it 
may show changes as regards the megakaryocytes. 

2. It is suggested that there may be two types of this disease 
on the basis of the bone-marrow picture. 

3. The question has been raised as to the probable value of bone- 
marrow studies in regard to determining the prognosis from splenec- 
tomy in patients with chronic idiopathic thrombopenic purpura. 
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MEGAKARYOCYTOSIS IN WHITE MICE WITH SPONTANEOUS 
MAMMARY CARCINOMAS. 

By W. C. Hueper, 

PHIL.^.DELPHIA, PA. 

The origin and histogenesis of extramedullary megakaryocytes 
in the organs of the human adult have been for some time the 
subject of a lively discussion (Petri,* Downey, Palmer and PowelP). 
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Some investigators (Aschoff, ^ Lubarsch,^ Goroncy® and others) 
claim that the heterotopic occm-rence of these cells in the lung, 
liver, spleen, kidney and lymph nodes is always ' of an embolic 
nature caused either bj' a mechanical trauma to the bone marrow 
(fracture) or resulting from a hyperactivity of this tissue, in the 
course of which megakaryocytes are swept out into the circulation 
(septicemia, pneumonia) (MacCallum®) (polycythemia, leukemia). 
Other workers, however, maintain that extramedullary megakaryo- 
cytes are, at least in part, of autochthonous origin, especially in 
conditions accompanied by heterotopic hematopoietic foci (leu- 
kemia, pernicious anemia, etc.) (Koerner,^ Naegeli,® Barth,® Mora- 
witz and Denecke,^® and others); that is, in diseases which are 
characterized by the reappearance of myeloid cellular elements in 
organs, from which they normally disappear toward the end of fetal 
life (Schridde”). This conception is supported by the experimental 
results of Kuczinski*® and Custer,*® who used mice and rabbits 
respectively in their work. 

During certain investigations upon white mice vnth spontaneous 
mammary cancers, a high incidence of extramedullary megakaryo- 
cytes in various organs was noted, thereby substantiating the obser- 
vations previously made by Hill*^ and Waterman.*® Considering, 
moreover, the fact that cancer-bearing mice rather often show 
extramedullary lymphoid and myeloid foci in various organs, which 
sometimes reach leukemoid proportions (Jaffe,*® Hill,*'* Simonds,**’ 
and others) and are, therefore, comparable to those pathologic 
conditions of the human hematopoietic system, wliich are not 
infrequently associated with heterotopic megakaryocytosis, the car- 
cinomatous mouse appears to be a suitable source for collecting 
additional information on the oi’igin and histogenesis of heterotopic 
megakaryocytes. 

The present communication is based upon the histologic examina- 
tion of the organs of 210 white mice, 172 of which had spontaneous 
mammary carcinoma, while 38 were normal white mice of the same 
strain. Of the cancer mice 91 and of the normal animals 19 had 
been subjected to Roentgen ray treatments of varying intensity, 
the total doses, ranging from 40 r to 6000 r in the different animals, 
delivered over a period of from 1 to 6 weeks. Twenty-one cancer 
animals were untreated and had died a natural death, while the 
remaining animals had received at some time during their lifetime 
injections of various kinds of organic and inorganic chemotherapeu- 
tic substances. 

In view of the fact that megakaryocytes and small accumulations 
of myelocytes are often present in moderate number in the spleen 
of normal mice and considering that, as has been mentioned before, 
these elements are usually found in increased numbers in the spleens 
of earcinomatous mice, the description of the effects of the various 
treatments given may be restricted to those types of treatment 
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which produced changes in these normal conditions. It was noted 
that in a series of 31 cancer animals and 19 normal mice the appli- 
cation of Roentgen rays (1000 r to 6000 r) caused a more or less 
complete disappearance of the hematopoietic tissue in the organs 
of the majority of these animals. The application of smaller doses 
especially of very small ones (30 r to 90 r), over a prolonged period 
and at longer intervals, seemed to have resulted in an increase 
in the amount and incidence of myeloid tissue in various organs, 
confirming the observations of Fischer- Wasels and Buengeler’® and 
others. 

The series treated with the various chemical agents did not show 
any appreciable differences from the conditions seen in untreated 
animals. 

A histologic examination was made of the follovdng organs: 
Tumor, lung, heart, liver, pancreas, spleen, lymph nodes, kidney, 
suprarenal gland and brain. All sections were carefully studied 
for the presence of megakaryocytes. A longitudinal section was 
made through the spleen, or in cases with markedly enlarged spleens, 
the section was prepared from J of the spleen. Splenic enlarge- 
ments were rather frequent in the carcinomatous mice and some- 
times reached huge proportions. The relative frequency of mega- 
karyocytes in the spleen was determined from the histologic study 
of the sections and was recorded in the following manner: none, 0; 
scanty, + ; moderate, + ; many, -f -k ; very numerous, -t- 4- -}- -t- . 

A similar type of evaluation of splenic megakaryocytes was recently 
used by Waterman.^^ 

If the 172 spleens of the carcinomatous series are grouped accord- 
ing to the frequency of megakaryocytes, the following compilation 
is obtained: 


0 

IS (11)* 


+ 

11 (5) 

S 

G 


+ + 
01 (D) 

9 

S 


+ + + 
58 (5) 

9 

10 


+ + + + 
23 (1) 

5 

3 


Cancer series .... 

Tar cancer series of Water- 
man 3 

Normal series . .11 

Tar refractory series of 

Waterman .... 9 S S 2 2 

* The numbers in parentheses designate animals which had been exposed to heavy 
irradiation ^^ith Roentgen rays. The destructive effect of the rays upon the mega- 
karyocytes is ob%'ious. 


These figures illustrate well the high incidence of megakaryo- 
eytes in the spleen of mice with spontaneous carcinoma and comiiare 
well with those obtained by Waterman''’ in mice with tar cancers 
and in mice refractory to tar. 

The increase in the number of splenic megalvaryocytes iii the 
cancer mice is to a certain extent reflected in the incidence of these 
eells in otlier organs. In 36 mice megakaryocytes were found in 
extrasplenic locations: 25 times in the liver alone, in 6 instances 
in the liver and lung and once in liver and kidney, twice in the lung 
and tiwce in lymph nodes. 
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Heterotopic megakaryocytes were found in : 

Times. 


Liver 32 

Lung S 

Lymph node . 2 

Kidney .... - 1 


A certain parallelism exists between the occurrence of extrasplenic 
megakaryocytes and the number of these cells in the^spleen. 

' Frequencj’ in the spleen. 

0 + ++ +++ ++++ 

Extrasplenic megakaryocytes in; 


Cancer mice 0 1 11 12 4 

Normal mice 0 1 0 1 "2 


The extrasplenic megakaryocytes in the normal series were found 
in 3 instances in the liver and once in a lymph node. 

The compilations given aboi’^e show quite definitely that hetero- 
topic megakaryocjdes in white mice are most numerous in the 
spleen and liver and are far less so in the lung and Iddney. This 
observation concerning the relative frequency and distribution of 
heterotopic megakaryocytes in mice agrees well with that made by 
Koerner^ in a case of myeloblastic leukemia, where the largest num- 
ber of megakaryocytes was observed in the spleen, liver and lymph 
nodes, while they were much less numerous in the lung and kidney. 

Goroncy,^ however, found in his series of 27 cases of extramedul- 
lary megakaryocytosis quite different numerical relations. Mega- 
karyocytes were present in the lung 17 times, liver 14 times, spleen 
9 times. He noted, moreover, that these cells were most numerous 
in the lung. 

The marked contrast between the observations of Goroncy^ and 
those made by us in mice suggest that heterotopic megakaryocytes 
found in mice do not all represent cell emboli of medullary origin, 
but are at least in part of local genesis. This conception receives 
additional support from other observations (Kuczinski; Custer; 
Downey, Palmer, and Powell and others). 

Though Goroncy found that many of the extramedullary mega- 
karyocytes consisted only of bare nuclei, the cytoplasm supposedly 
being stripped off during their passage through narrow vessels, the 
megakaryocytes seen in the spleen, liver and lymph nodes of mice 
were usually well preserved and vdthout any signs of mechanical 
cellular destruction, indicating that these cells had not been exposed 
to such trauma (Siegmund-^). 

It was furthermore noted that the megakaryocytes in the spleen 
were not infrequently grouped in smaller and larger clusters, similar 
to those seen in the bone marroAv as the result of regenerative mega- 
karyocytic proliferation. Considering the fact that these inega- 
karyocytic accumulations consisted of young and old cells, their 
embolic nature appears to be unlikely. 




Fig. 2. — Megakarj'ocytes forming part of the cell lining of a sinus in the spleen. 
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The existence of local relations between the occui’rence of hetero- 
topic megakaryocytes and extramedullary myeloid foci (Koerner,^ 
Waterman/® Askanazy^®) may be regarded as additional circum- 
stantial evidence against the conception of an exclusive medullary 
origin and embolic distribution of these cells. It is known that in 
the normal spleen of the adult mouse megakaryocytes and myelo- 
cytes are often found coexisting, i. e., a condition persists during 
postembryonic life which is found in the human spleen and liver 
only during fetal life. Also an increase of megakaryocytes in the 
spleen and a reappearance of these cells in the liver and lymph nodes 
of the adult, and especially of the cancerous, white mouse is in 
general accompanied by an increase of the myeloid elements in the 
spleen (HiU^^) and by the formation of smaller and larger myeloid 
foci in the liver and lymph nodes of these animals. 

It has been argued that these heterotopic myeloid elements 
always originate from extravascularly implanted young blood cells 
derived from the bone marrow. But this conception completely 
disregards the numerous observations made in regard to the per- 
sistence of developmental potentialities in certain tj^es of vascular 
cells during adult life (Maximow,®® Askanazy^®). In numerous 
livers of the carcinomatous mice the Kupffer cells were in a state 
of active proliferation and myeloid cell groups were found in the 
dilated lumina of the capillaries. There were also smaller and 
larger foci of reticular tissue with hematopoietic function located in 
close connection with the walls of the hepatic veins. 

The numerical relations existing between the frequency and dis- 
tribution of extramedullary megakaryocytes and the occurrence of 
heterotopic lymphoid and myeloid foci is illustrated in the following 
tabulation, extrasplenic megakaryocytes being represented by the 
numbers in parentheses. 

Splenic mcgakaryocj'toais. 


0 

Lymphoid foci in 1 or several organs 6 

Increased myeloid tissue in spleen . 1 

Myeloid foci in liver, lymph node and 

lung 1 

No heterotopic lymphoid or myeloid 
foci 10 


+ 

+ + 

+ + + 

+ + + + 

5 

41 (7) 

21(7) 

14 (3) 

3 

3 

7(1) 

0 

3(2) 

11 (4) 

28 (S) 

13(4) 

1 

5 

1 

1 


Beside this strong circumstantial evidence in favor of the local 
genesis of heterotopic megakaryocjdes, the histologic examination 
of the spleen, liver and lymph node furnished confirmatory informa- 
tion of a more direct and conclusive character. 

The spleens containing numerous megakaryocj'tes always showed 
evidence of more or less proliferative acti^^ty of the reticulum and 
reticuloendothelial cells. Usually there were in the pulp large 
numbers of round, moderately sized and fairly uniformly shaped 
cells which had a moderately large amount of cytoplasm and rather 
large vesicular nuclei vdth conspicuous interlacing chromatin 
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threads. These were regarded as free reticular cells. Cells of 
similar morphology were found in the sinuses together with evidence 
of proliferation of the lining cells. These cells were especially 
prominent in spleens uith marked atrophic, fibrotic and amyloidotic 
changes, as they then frequently represented a predominant cell 
type on account of the simultaneous relative scarcity of lymphoid 
and myeloid cell elements. In spleens with lymphoid or myeloid 
hyperplasia the reticular cells were found intermingled with the 
respective mature and immature lymphoid and myeloid cell forms, 
the latter being easily recognizable by their ring-shaped nuclei. 

Megakarjmcytes w’ere noted in varying numbers in the pulp and 
sinuses of the spleen. In some spleens they appeared to be more 
common in the subcapsular zone and in the neighborhood of the 
trabeculie, wiiere also accumulations of myeloid cells w^ere most 
frequently found. They often occurred in small groups and clus- 
ters Avhich were usually composed of giant cells in different stages 
of maturation intermingled w'ith cells of an evidently transitional 
type (between reticulum and reticuloendothelial cells and w^ell- 
developed young megakaryocytes). The mature megakaryocytes 
had a large segmented or nodulated nucleus of pyknotic, highly 
chromatic character and a large mass of an irregularly and usually 
not sharply contoured, eosinophilic cytoplasm. In less mature 
giant cells the nucleus was more compact and often indented on 
one side, resembling that of a monocyte in shape, and was sur- 
rounded by a more or less basophilic, distinctly outlined cytoplasm. 
Central rarefications w^ere common in these nuclei. The cytoplasm 
was in general w^ell and sharply outlined in the free ceils and smaller 
in amount than that of the mature cell. This is apparentlj'' the 
form which Duesberg-® has designated as “lymphoid” and wdiich 
v. Boros and Korenyi-^ have called “raegakaryoblast.” In degen- 
erating megakaryocytes, the nucleus seemed to have broken into 
several fragments. The outline of the cell was indistinct and 
highly irregular. Hyaline masses without nuclei or wdth a few 
chromatin granules represented completely degenerated giant cells, 
w’hich were in some spleens quite numerous. 

hlany of the megakaryocytes found in the pulp seemed to be 
interconnected by delicate threads or compact plasmatic bridges 
with the adjacent reticulum cells, with w'hich they apparently 
formed a synctial mass. Transitional forms of various stages 
betw^een the reticulum cells and completely developed megakaryo- 
cytes were not rare, especially in the neighborhood of groups of 
megakaryocytes. During the early part of the transformation of 
a reticulum cell into a megakaryocyte there w^as only a diffuse 
general hypertrophy of the nucleus and cytoplasm of the reticulum 
cell noticeable. Wth the increasing sw^elling the cells show^ed a 
large, but rather compact nucleus, usually of round shape. Cells 
representing the next step in tlie megakaryocytic development of 
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reticulum cells resembled those described above as the “ megakaryo- 
blastic” form. 

The endothelial cells lining the sinuses were apparently another 
source of megakaryocytic formation. Here enlarged and swollen 
cells projecting into the sinusoidal lumen were not infrequently 
observed. Sometimes 2 large swollen cells were found back 
to back, 1 protruding into the sinus, the other into the sur- 
rounding pulp. Cells possessing all the morphologic characteristics 
of megakaryocytes were often seen forming an integral part of the 
lining of sinuses. This type of development could be especially 
well followed in spleens with marked fibrotic and amyloidotic 
changes which emphasized the sinusoidal structure of the organ. 
The lymph follicles were always free from megakaryocytes. 

Free forms of megakaryocytes of different degree of maturity 
were not only noted in the pulp and sinuses, but also in the lumens 
of the larger splenic veins. ^ In 1 instance, 2 giant cells were found 
in the leukemic blood of a medium-sized vein passing through the 
pancreas. These observations indicated that megakaryocytes 
formed in the spleen can be the source of embolic megakaryocytosis 
in other organs. 

In the liver the megakaryocytes were mainly located in the 
lumens of the sinusoidal capillaries. The cells seemed sometimes 
to be attached to the sinusoidal wall by plasmatic processes. This 
was often noted in livers which showed a marked proliferation of 
the Kupffer cells. The latter cells were swollen in some instances 
and protruded into the lumen, resernbling in many respects the 
transitional forms found in the spleen. Extracapillary megakaryo- 
cytes were occasionally seen between the cells of perivascular myel- 
oid infiltrations. 

The megakaryocytes observed in the lymph nodes, which always 
contained myeloid foci, seemed to have the same genetic relations 
to the reticulum cells as those which have been described for the 
spleen. 

The lung was, as has been stated above, quite often the seat of 
megakaryocytes. They were found lodged in the capillaries, bulg- 
ing their walls into the alveolar lumen on both sides of the inter- 
alveolar septum. Their nuclei were always dark, pyknotic, mark- 
edly segmented and siuTounded by little or no cytoplasm. The 
myeloid and lymphoid perivascular and peribronchial infiltrations 
were always free of these cells. The same observation was made 
in the myeloid and lymphoid foci in the kidney. The megakaryo- 
cytes found in the kidney were lodged in the glomerular capillaries. 

These observations are impoilant evidence in confirmation of the 
autochthonous origin of heterotopic megakaryocytes in white mice 
and support the claims of Cluster, Downey, Palmer and PowelP 
and Lignac-'* in regard to the derivation of these cells from both 
reticular and endothelial elements of the reticuloendothelial system. 
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The present investigation can add very little to the question 
of the causative mechanism of heterotopic megakaryocytic pro- 
liferation. The relatively frequent coexistence of amyloidotic 
changes in the spleen and liver or both and extrasplenic megakaryo- 
cytosis suggests the possibility that toxic agents are also involved 
in the stimulation of megakaryocytic proliferation. 


Splenic megakaryocytosis. 



0 

+ 

+ + 

+ + + 

+ + + + 

Amyloidosis in spleen . 

. 2 

3(2) 

6(2) 

10(3) 

7(1) 

Amyloidosis in liver 

2 

0 

8(5) 

16(5) 

7(3) 


The numbers put in parentheses designate animals with extra- 
splenic megakaryocytosis. 

While among 125 mice without amyloidosis 20 had an extrasplenic 
megakaryocytosis, 47 mice with amyloidosis showed this phenom- 
enon in 16 cases. 

The extent of the malignant growth as determined by the presence 
or absence of internal metastasis (heart, lung) had apparently no 
bearing upon the frequency and distribution of heterotopic mega- 
karyocjh;es. 

' Conclusions. 1. In addition to extramedullary megakaryocytes 
of embolic origin (lung, kidney), autochthonous megakaryocytes 
also occur in various organs (spleen, liver, lymph nodes) of white 
mice with spontaneous mammary carcinomas. 

2. This is supported by the following circumstantial and direct 
histologic evidence; 

(a) The distribution of megakaryocytes in the various organs 
precludes their exclusively embolic origin from the bone marrow. 

(b) The absence or relative rarity of traumatized megakaryocytes 
in the spleen, liver and lymph nodes refutes the assumption that 
these cells have been carried to these organs by way of the blood- 
vessels. 

(c) The relations existing between the frequency and distribution 
of heterotopic megakaryocytes and of extramedullary myeloid foci 
support the probability of the local origin of heterotopic giant 
cells. 

(d) Proliferation foci in the form of megakaryocjdic clusters in 
the spleen and transitional cell forms between reticulum and reticu- 
loendothelial cells and megakaryocytes in the spleen, lymph nodes 
and liver point to the local genesis of these cells. 
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Oral ingestion of whole liver is known to produce an increase in 
the leukocytes of the blood as well as other formed elements in 
patients with pernicious anemia (Murphy, Monroe and Fitz^ and 
Minot and Murphy^). Murphy^- noted that a sharp increase in 
the leukocyte count follows within a few hours, intravenous or 
intramuscular injection of liver extract in patients with pernicious 
anemia. Recently Powers, Murphy and Humphreys^ found that 
a leukocytosis could also be produced in normal individuals by 
the injection of concentrated liver extract (Lederle). This leuko- 
cytosis, which was usually maximal in 6 or 7 hrs., was accom- 
panied by an increase in neutrophils, both in total number and 
percentage. These workers suggest the possible value of parenteral 
liver extract in the treatment of some patients with persistent 
leukopenia and Foran, Sheaff and Trimmer^ have treated 5 patients 

* 'This study supported in part by a grant from the Wisconsin Alumni Research 
Foundation. 
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suffering from malignant neutropenia by means of parenteral and 
oral liver extract with apparent good results. 

It was deemed desirable to compare the leukocytosis produced 
by liver extract injected intravenously and intramuscularly both in 
normal and in abnormal individuals. Furthermore, it was hoped by 
this study that the origin of the leukocytosis might be elucidated. 
It is claimed that after epinephrin administration, the leukocyte 
increase is due to splenic contraction. If this were found to be the 
case after liver extract administration, its value therapeutically 
in this field would probably be much less and its use less logical 
than if the bone marrow were actually stimulated to increased 
production. A recent report of Miller and Rhoads,® published as 
this work was being completed, suggests that this factor of splenic 
contraction is important. They noted increase in all formed ele- 
ments of the blood, including the leukocytes, after the intravenous 
injection of liver extract, to a patient with anemia' and splenomegaly. 
The increase in leukocjdes, which is of primary interest here, was 
noted within 20 min. after the injection of the extract. Concurrent 
with this leukocytic increase, the spleen was observed fluoroscopic- 
ally to be greatly contracted. Intramuscular injection of adrenalin 
gave results comparable to those with liver extract. A control 
patient without splenomegaly had no increase in the leukocytes or 
other formed elements in the blood stream under the same experi- 
mental conditions. Peculiarly, when eserin Avas injected intra- 
muscularly in this same patient with splenomegaly, there was no 
peripheral increase in the formed elements of the blood although 
splenic contraction of a sloAver and lesser degree than with liver 
extract and adrenalin occurred. 

Methods. In general, the methods of Powers, Murphy and Humphreys’* 
in their study on normal indiAuduals have been followed save for slight 
modifications which Avill be noted in the description and graphs below. 

Blood counts were made over 3-day periods. On the 1st and 3d days 
all counts were started at 9 a.m. and continued at 11 a.m. and 2 and 4 p.m. 
These days served as the control periods, wlule the 2d daj’’ was the experi- 
mental day in each instance. On this 2d day, blood was taken for a 
count at S.55 a.m., the liver extract was injected at 9 .x.m.; 20 min. later 
a 2d count was made, a 3d at 10 a.m. and then hourly until 7 p.m. Excep- 
tional a count was also made at S p.m. 

Each count was done in duplicate,* using the same 2 pipettes and same 
hemacytometer throughout the 3 days of each individual experiment. 
(In 1 experiment 1 of the pipettes was broken, necessitating the use of 
another set of 2 for the remaining counts of that experiment.) Two counts 
Avere made from each pipette, i. e., 1 on each side of the hemacytometer, 
tlie 4 large corner squares being counted each time. Thus, each count 
reported represents the average of 4 counts. Occasionally there was a 
wide variation in the counts from the 2 pipettes, but ordinarily not. The 
average discrepancy between the highest and lowest counts Avas 12%, 

* Blood for each count was taken from a prick in the ear into standard 1 to 11 
pipettes, diluted 1 to 20, shaken for 3 min. and counted at once in a Lc-i-j- counting 
chamber. The pipettes and the counting chamber were certified by the U. S. Bureau 
of Standards. 
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mth a range for individual experiments between 9' and 15%, the highest 
percentage error occurring in the patients with the lowest leukocyte counts. 

Covershp smears were stained with Wright's stain and the differential 
counts were made of 200 cells in each instance. _ Schilling counts were done 
on 2 or more of the smears of the control period before liver extract was 
given, and on 2 or more during the period of high leukocyte counts in each 
reported experiment in order to ascertain whether or not there was an 
increase in young neutrophil cells in the peripheral blood. 

Concentrated liver extract (Lederle), in S-cc. doses, was given in each 
experiment; but when administered intravenously it was diluted in normal 
saline to a volume of 15 cc. The intravenous injections were made during 
a period of 5 to 10 min. into a vein in the antecubital fossa and the blood 
pressure, which usually but not invariably feU moderately, was taken 
repeatedly during this procedure. Intramuscular injections were made 
into the buttock. 

One of us served as a normal control, and in this case, usual activities 
were carried out during the 3-day experimental period. A 2d normal 
was a patient without demonstrable disease. Two others were recuperat- 
ing from operations for inguinal hernia done more than a week before. 
They were, of course, afebrile and for the present purpose might be con- 
sidered as normal. 'These 3 patients were kept in bed during the experi- 
ments but had their meals regularly. Temperature readings were made 
at 8, 12, 4 and 8 o’clock on these 3 subjects on the day of the liver injections 
and 8 and 4, or at the same 4 periods, during the control days. 

Results. Observations on the normal individuals after the intra- 
muscular injection of liver extract confirmed the results of Powers, 
Murphy and Humphreys. A typical result though .not the most 
striking is shown in Fig. 1. For comparison, in this same figure 
is shown the leukocytosis produced by the intravenous administra- 
tion of liver extract to this same subject 2 days before. 

The sharper and more prompt but less well sustained rise in the 
number of leukocytes after the intravenous injection is obvious. 
This wms a consistent observation in the 3 normal and 1 abnormal 
subjects that received the extract intravenously. The maximal 
leukocyte count was reached 3 hr. after the intravenous injection, 
whereas, when the extract was administered intramuscularly, tlie 
highest count was attained only 5 or more hours after the injection. 
The increase in the neutrophils paralleled the rise in total leuko- 
cytes and there was also a relative increase in neutrophils. This 
patient had temperature elevation to 99.4° F. in the afternoon both 
after intravenous and intramuscular injections, but no subjective 
or objective signs of a marked reaction. Only 1 of all the subjects 
had a distinct reaction with a moderately severe chill and a febrile 
reaction to 100.4° F., hr. after the extract was administered 
intravenously. His leukoc 5 Te count rose from an average control 
level of 9000 to 15,000. 

In none of the normal individuals was there a demonstrable 
shift to the left in the Schilling counts. 

Insults in a Patient With Chionic Leukopenia. Case 1.— The patient, 

•i .1 ’’i recovered from a severe neutropenia, 

until daily lugh fever, at times exceeding 104° F., and lasting more than 
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a -week. The total -white count had been as lo-n' as 250, -anth 9% neutro- 
phils, and at one time udth a count of 400 there had been 2% neutrophils. 
She had been treated -anth pentnucleotid during the acute stage of serious 
neutropenia; but at the time the liver extract vas administered for this 
experiment she had received none for more than 3 -weeks. The -adiite coimt 
for more than a month before the experiment had been persistently low, 
usually ranging between 2000 and 5000, -aith a relative neutrophil count 
of 50% or more. 
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Fig. 1. — A comparison of the effect upon the leukocytes of intramuscular and intra- 
venous administration of liver extract to a normal subject. 


The experimental routine described above was followed; the liver extract 
(3 cc.) was administered intramuscularly at 9 a.m. on the 2d day. The 
patient was in bed throughout the period of the experiment. The result 
is sho-vN-n in Fig. 2. 

The response of the leukocytes resembles that of the nomral showm in 
Fig. 1. A fall in the leukocyte count occurred 20 min. after the injection, 
followed by an increase above the basal level of the control periods. In 
this case the basal level is low and the maximum leukocyte count is not 
great; however, the actual level at 2 p.m., when the peak was attained, is 
77% above the average of the control counts of the preceding day and 
80% above the 2 p.m. count of the preceding day. An elevation in the total 
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and relative neutrophil counts is also similar to that of the normals. In 
this case, at 6 p.m. there was a second sharp rise of leukocytes to above 
7000. This late rise was also observed at 7 p.m. in the experiment oi 
Fie. 1 after the intramuscular injection of the extract. Tlus 2d elevation 
of the leukocyte count was not a consistent finding, however, and no 
explanation for its occurrence is offered. 

This experiment shows clearly that it is possible to elevate at 
least temporarily, a persistently low white count by injection of this 
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Fia. 2. — The effect of the intramuscular injection of liver extract upon the leukocyte 
count in a patient -with a peristent leukopenia. 


concentrated liver extract. Of course, this was observed on a single 
patient and a determination of the possible therapeutic efficacy of 
liver extract for this purpose requires further tests upon similar 
patients. Powers and his associates report that in their series one 
of the subjects developed influenza and with it a leukopenia during 
the period of observation. The response to the liver injected w^as 
nevertheless similar to that of the normal subjects in the temporary 
leukocytosis with total and percentage increase in neutrophils. 
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Effect of Liver Extract Before and After Splenectomy. Case 2. — 
E. G., a well-developed, weU-nourislied white male, aged 3S, was admitted 
to the hospital complaining of weakness. Save for marked pallor and a 
firm spleen, palpable 3 cm. below the costal margm, there was little of 
note on physical examination. Laboratory examinations on admission 
showed a hypochromic anemia, hemoglobin, 48% (Tallqvist), and red cells, 
4,600,000, a persistent leukopenia nith an approximate^'' normal differen- 
tial count. Fragilit 3 ^ of the red cells was normal. Icterus index was 6; 
there was free acid in the aspirated gastric contents. Gastro-intestinal 
Roentgen raj’-s revealed no abnormality. A diagnosis of Banti's disease 
was made and this was confirmed after operation bj’’ pathologic section and 
microscopic examination. Large doses of iron were administered, but liver 
was omitted. Shortly before the liver extract was given for the first 
experiment, the red ceU count was 4,930,000 and the hemoglobin 55 %. 

Concentrated liver extract (3 cc. in 12 cc. of normal saline) was given at 
9 A.M. There was some flushing of the face and increase in pulse rate durmg 
the injection and the s 3 'sto]ic blood pressure rose from 130 to 146. Usuall 3 '' 
wdth intravenous injection of this extract a moderate faU in blood pressure 
occurred, but not in this instance. The leukoc 3 'te response to the injec- 
tion was t 3 ’'pical again with fall of the white cell count from 6700 at S.55 a.m. 
to 4325 at 9.20 a.m. Subsequently there was an increase to a maximum 
of 8650 at 12 noon. This level was 40% higher than the average of the 
4 counts (6150) of the da 3 '^ preceding the extract administration, and as 
the average of the 11 a.m. and 2 p.m. counts was 5450, the increase over the 
level for a similar period of the da 3 ’' was still greater. There was also an 
increase in the percentage of neutrophils. 

The 3d day was a control period for tins experiment and also the 1st 
control da 3 ' for a 2d experiment, when liver extract was injected intra- 
rauscularty. The counts this da 3 '' were loAver than the day preceding the 
intravenous injection. The response to the intramuscular injection of 
liver extract is shown in Fig. 3. Here the early leukopem’a usuall 3 '^_ observed 
was slight and delayed. The increase in total leukoc34es from an average 
level of 4181 of the control day to 8312 at 3 p.m. (an increase of about 100%) 
and in the neutrophils is ob^^ous. In this experiment, and in no other, 
the Sclulling counts showed a significant shift to the left, the “stab” cells 
were increased from 4.5% before the intramuscular injection to 13.5% 
when the leukocytes were most numerous. In addition, at this latter period 
there were 3.5% metam 3 'elocytes, whereas tliere had been none before. 

Shortly after these e.xperiments, a splenectom 3 '^ was done. Three v'eeks 
after this operation, when the red cells numbered more than 5,000,000 and 
the hemoglobin 'wns 70%, liver extract ■was again administered intramus- 
cularly (Kg. 3). The basal level of the wliite cells was liigher after 
splenectomy, and the response to liver extract more striking. The total 
count, when maximal, was 71% higher than the average of the control 
counts of the pre'sdous da 3 a This ex]3eriment was repeated t'ndce, once 
the 2d da 3 ’' after this reported experiment and then again 4 da 3 's after the 2d. 
As the results in these 2 experiments avere quite similar, only' the latter is 
shewn in Fig. 4. 

The leukocytosis here was slight as compared to the first experiment 
follusving splenectomy, but still evident. Interestingly', after sho'n'ing a 
tendency' to fall, high counts were recorded at 6 p.m., 9,300 and leukocy'tes 
10,400 respectively, for these last 2 experiments. This patient ■was afebrile for 
day's before and after each e.xperiment, but at noon on the day' of intra- 
venous injection, the temperature Avas 99.6° F. and on the day of the 
intramuscular injection before splenectomy' 99.2 ° F. at 4 p.m. The maximal 
temperature of the 3 e.xperimental periods after splenectomy' was 99.4° F., 
99.2° F. and 99° F, on the respectiA'e days of the intramuscular injections. 
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Case 3. — B. M., a white woman, aged 46, was admitted to_the_ hospital 
because of weakness. Important findings on physical examination were 
pallor, icterus and an enlarged spleen, which extended 8 cm. below the 
costal margin or to below the umbilicus. Laboratory examinations on 
admission included a red cell count of 3,400,000— reticulocytes 16.7% and 
hemoglobin 62% (TaUqvist). The er^hrocytes began to hemolyze in 
0.67% salt solution. Gastric analysis showed the presence of free hydro- 
chloric acid. A diagnosis of famfiial hemolytic icterus was made and a 
splenectomy was advised. 



Fig.^ 3. A comparison of the effect upon the loukocj’’tes of the intramuscular 
administration of liver extract to patient (E. G.) with Banti’s disease, before splenec- 
tomy and after splenectomy. 

Before splenectomy, after the usual control period, liver extract (3 cc.) 
was administered intramuscularly and blood counts were done as in the 
other experiments. This study was repeated 17 days after splenectomy. 
The patient was kept in bed during both experimental periods until after 
the last count was done each day. Meals were taken at the regular hours 
f.30 to 7.45 A.M., 12 NOON and 5.45 to 6 p.m. The day of liver extract 
injection before splenectomy tliis patient’s temperature was highest at 
4 P.M., bemg 99.2° F. The day of the injection after splenectomy, the 
temperature was not above 98.6° F. 
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The effect of liver injection upon the white cell count before and after 
splenectomy is shown in Fig.' 5. Because of continued rise in the white 
cell count before splenectomj' until 7 p.m., an 8 o’clock count was made on 
the daj’^ of the injection, and a 6 o’clock count on the daj^ after because of 
the 4 o’clock elevation on the control days. 

Liver extract was again administered intramuscularly the 2d day after 
the postsplenectomj" injection. Thus the 3d control period shown on Fig. 5 
represented also the 1st control da}^ for this 2d experiment. Again leuko- 
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Fig. 4. — The effect of repetition of administration of liver extract to patient (E. G.), 

after splenectomy. 

cj’tosis followed, reaching a height of 14,675 at 3 p.m., G hr. after the injec- 
tion. The wliite cell count at 8.55 a.m., just before the extract was injected, 
was 8687. It should be noted that at the time of these experiments after 
splenectom 3 ’', the red cell count was 4,065,000 and the hemoglobin 80%. 
The fragility of the red cells was normal. 

Particular attention is directed to the sharp fall in the number of 
leukocjdes noted both before and after splenectomy when the count 
was taken 20 min. after the injection. In the experiment before 
splenectomy, the leukocyte rise commenced at about the usual 
time but the progression to a peak was slower than usual, the 
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summit not being attained until 7 p.m., 10 hr. after the injection. 
The percentage increase in neutrophils is more striking after splenec- 
tomy. Schilling counts both before and after splenectomy showed 
no increase in young cells over the normal numbers present before 
the injection of liver extract. 

Discussion. These results, both for the normal and abnoTmal 
subjects, were quite pronounced and consistent. The trend of the 
leukocyte counts after the injection of this liver extract was similar 



Fig. 5. A comparison of the effect upon the leukocytes of intramuscular injec* 
tions of liver extract in a patient vrith familial hemolytic icterus, before and after 
splenectomy. 

in each case. The findings of Powers, Murphy and Humphreys^ 
were thus confirmed. 

In each subject the conditions of activity, food intake and other 
extraneous factors were comparable during the 2 control days and 
the experimental day. Caution was exercised in this matter for 
it was appreciated that many factors might alter the leukocyte 
count appreciably. The administration of various drugs, particu- 
larly the injection of foreign proteins, will produce leukocytosis, 
although Murphy^ noted none after the intramuscular injection 
of aolan. Drug administration that might produce an increase in 
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leukocytes was avoided in the subjects under study, and Powers 
and his associates report that this liver extract (Lederle) has no 
foreign protein or infinitesmal amounts present. However, whether 
or not small amounts of protein exist is not of paramount importance 
in this investigation and no claim is made that leukocytosis cannot 
be produced by other methods. 

In all of these experiments the liver extract was injected at 9 A. ai., 
and thus when given intramuscularly, the maximum leukocjdosis 
occurred in the middle or late afternoon. It was not thought neces- 
sary to administer it earlier so as to produce the leukocytosis earlier 
in the day, for when the extract was given intravenously, the maxi- 
mum leukocytosis which was equal in degree occurred at 12 o’clock 
rather than at .3 or 4 p ai. Thus, the increase in leukocytes cannot 
be explained by a physiologic afternoon rise such as Shaw^ de- 
scribes. Furthermore, Powers^ and his associates found that when 
the extract was injected intramuscularly at 5 A.ai., instead of 9 A.ai. 
the maximal response which was of similar degree occurred at 11 a. ai. 
At this hour, according to Shaw,^ the leukocyte count is normally 
at a low ebb. In view of these experimental results, and because 
of care in excluding extraneous factors, it is om belief that the leuko- 
cytosis produced in these experiments was due to the injection of 
liver extract and was neither physiologic nor due to some agent 
other than the injected material. 

The patient, E. G., with early Banti’s disease and the patient 
with hemol}d;ic icterus, B. M., had splenomegaly. The spleen was 
not very large in the first case, therefore this case will be ignored 
in the present discussion. However, in the case of B. M., the spleen 
measured approximately 22 by 13 by 9 cm. after removal and thus 
was probably comparable in size to the spleen in the case of Miller 
and Rhoads. ® The counts in their patients were done within 20 min. 
after the intravenous injection of liver extract, at which time there 
was an increase in the number of leukocytes as well as other formed 
elements of the blood. This early increase in white cells was not 
noted in our patient with splenomegaly jior in any other of the 
normal or abnormal individuals, whether the liver extract was 
given intravenously or intramuscularly. Instead, a decrease in the 
number of leukocytes was the usual rule 20 min. after the injection. 
This early decrease in leukocj’tes may possibly be explained by 
redistribution of the cells in the blood stream. The fact must not 
be overlooked that IMiller and Rhoads used the liver extracts of 
other manufacturers than that which was used in this study. The 
results obtained after splenectomy in both E. G. and B. M. elimi- 
nate the possibility that the increase in leukocytes in the peripheral 
blood stream produced after the administration of this particular 
liver extract is due to splenic contraction. Furthermore, it very 
strongly suggests that the leukocytosis produced in the experiments 
on the normal individuals of the Powers, IMurphy and Humphreys’'* 
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series and of this group was not due to splenic contraction. ^ Con- 
sequently, it is possible that the effect may be due to actual stimula- 
tion of the bone marrow, directly or indirectly. Oi course, the 
fact that splenectomy does not effect any change in the response 
to parenteral injections of liver extract does not rule out the pos- 
sibility of hepatic or splanchnic responses which have been consid- 
ered in this relation. The possibility of the existence of accessory 
spleens in both E. G. and B. M. is not overlooked although this 
is unlikely. Furthermore, it would seem improbable that an organ 
the size of the ordinary accessory spleen could produce significant 
changes in the leukocyte count. 

In only one of the Schilling counts, in the case of E. G. before 
splenectomy, was there noted a demonstrable shift to the left. 
This was when liver extract was injected 2 days after a previous 
injection. However, it is possible to stimulate bone marrow with 
the production of leukocytosis of short duration without calling 
forth young neutrophils into the peripheral blood stream. That 
young cells did appear however in 1 case, after leukocytosis had 
been induced just 2 days before, adds further strength to the belief 
that the leukogehetic centers in the bone marrow were stimulated 
by the liver extract. 

Since liver extract apparently stimulates bone marrow, force 
is added to the suggestion of Powers and his associates that it 
“might be utilized clinically in the treatment of patients with chronic 
sepsis and a persistently low level of leukocytes.” Possibly it also 
lends a measure of support to the therapy of Foran, Sheaff and 
Trimmer,® in agranulocytic angina. However, the etiologic factors 
and the status of the bone marrow in this disease demand further 
clarification before any positive statement can be made in this 
direction. 

Summary and Conclusions. 1. The parenteral administration 
of concentrated liver extract (Lederle) was ordinarily attended by 
bj^ an early fall in the white cell count and a constant subsequent 
leukocytosis with increases in total and relative numbers of neutro- 
phils in 4 normal and 3 abnormal individuals. 

2. ^ The maximal leukocyte count was usually attained 3 hr. after 
the intravenous injection of the extract and 5 hr. or later after the 
intramuscular injection. After the intramuscular injection the rise, 
though less prompt, was better sustained. 

3. In a patient with chronic leukopenia there was an increase in 
leukocytes to a maximum of 73% above the control period level. 

• 4. In a patient with Banti’s disease with leukopenia, leukocytosis 
was produced repeatedly by the parenteral injection of liver extract 
both before and after splenectomy. Also, a shift to the left in the 
Schilling count occurred on the occasion of an intramuscular injec- 
tion before splenectomy. This was 2 da 3 '^s after the intravenous 
administration of the same extract. 
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5. Leukocytosis also occurred before and after splenectomy in a 
patient with familial hemolytic icterus. 

6. Since leukocj'tosis can be produced by the intramuscular injec- 
tion of this concentrated liver extract after splenectomy, it would 
appear that this substance does not produce the increase in the 
leukocytes bj”^ inducing splenic contraction, but possibly by a 
stimulation of the bone marrow, directlj’- or indirectlJ^ 

7. The administration of liver extract to induce an elevation in 
the white count, at least temporarily, is logical. Its efEcacj'' and 
limitations will be established by a thorough clinical trial. - 
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SURGICAL ASPECTS OF PERNICIOUS ANEMIA WITH SPECIAL 
REFERENCE TO THE TREATMENT. 

By R. G. Hahn, M.D., 

BESIDENT PHVSICAN, PETEK BENT BBIGHAM HOSPITAL, BOSTON, MASS. 

(From the Medical Clinic of the Peter Bent Brigham Hospital, and the Department 
of Medicine of the Harvard Medical School.) 

In 1924 Minot and Murphy developed their well-lmown treat- 
ment for pernicious anemia.^ Adequate treatment may be defined 
as that amount of liver which induces a remission and maintains 
the patient in the best condition of health.'*'®’^'’ '\^fiiether the treat- 
ment is carried out by the oral,'* intramuscular’' or intravenous^ 
administration of potent liver preparations from this point of view 
is of no consequence. Intravenous injections, however, do not yet 
possess the security that is present in the other methods. 

It is well recognized that certain conditions such as undue fatigue, 
inadequate nutrition and mental anxiety® can delay and prevent 
the restoration of a normal red blood cell picture, even though ade- 
quate treatment apparently is given to the patient. The most 
important hindrances in the development and maintenance of a 
normal blood picture in a patient with pernicious anemia are blood 
loss and infection.®-® The surgical procedure sometimes necessary 
to eradicate these hindrances may be a major or a minor operation. 
The influence of these inhibitory factors and the rather frequent 
need for surgical intervention led us to review the cases of pernicious 



HAHN: PERNICIOUS ANEIMIA 


61 


anemia that had been operated upon at this hospital and ascertain 
how they tolerated the operation, the effect of the operation on the 
blood picture, and the subsequent condition of the patient. 

Prior to 1925 (pre-liver treatment era) 8 cases of pernicious 
anemia were operated upon. Table 1 presents a' brief tabulation 
of the particular phases of these cases with which this report is 
concerned. 


Table 1.— Hemoglobin and Hed Blood Cell Counts Bbfobb and 
V After Operation. 




Before operation. 

Days 

after 

opera- 

tion. 

After operation. 


Age. 

Hb. %. 

R, B. C. in 
millions. 

Hb. %. 

R. B. C. in 
millions. 

Limits 

32-59 

50-75 

1.07 to 3.36 

1-15 

25-65 

1.00 to2.61 

Average . 

48 

60 

1.99 

6 

50 

1.04 


These 8 cases (4 males, 4 females) had a total of 9 operations: 
2 splenectomies, 1 nephrectomy, 1 trephine of til:)ia and rib, 1 ream- 
putation of leg, i cholecystectomy, 1 cholecystectomy and splenec- 
tomy, 1 repair of traumatic laceration of hand, wrist and neck, 1 rib 
resection for drainage of empyema. Before the operation, 5 cases 
had a red blood cell count less than 2,000,000 cells per cmm. The 
remaining cases had 2,000,000 erythrocytes per cmm. or more. After 
the operation 7 cases had a red blood cell count less than 2,000,000 
cells per cmm. ; the remainder were above 2,000,000. Ether anes- 
thesia was used on 4 occasions, gas-oxygen twice and novocain 3 
times. The average time for the operation was 1 hr. ; the limits 20 
min. to 2 hr. and 15 min. Four blood transfusions were given to 3 
patients before the operation and 8 transfusions to 5 patients after 
the operation. The average amoimt of each transfusion was 450 cc. 
Three of the 5 patients that were transfused after the operation had 
been transfused before the operation. There were no striking 
changes in any of the red blood cell counts. One patient died 20 
days after a cholecystectomy and another 40 days after repair of 
traumatic lacerations of hand, wrist, and neck. Five patients died 
1 to 3 years after the operation in a relapse of their pernicious anemia. 
One patient could not be traced. 

The number of these cases is small. No definite conclusions can 
be dravm from them, but they do furnish some information which 
can be compared with that obtained from those who came fortun- 
ately at the time designated as the liver treatment era. The follow- 
ing table, similar in outline to the first one, presents a tabulation 
of those cases that received liver. 

Table 2. Hemoglobin and Red Blood Cell Counts Before and After 

Operation. 

Before operation. Days After operation. 

“ . after . ^ . 

■ TIL rr in opera- R. B. C. in 

Age. Hb. %. millions. tion. Hb. %. millions. 

Limits 32-70 00-106 2.75 to 5.74 1-15 50-95 3. 25 to 5 26 

Average 55 76 4.20 6 70 4.10 
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These 24 patients (14 males, 10 females) had a total of 31 opera- 
tions. Before 8 of these operations the red blood cell count was less 
than 4,000,000 cells per cmm., in the remainder it was more than 
4,000,000. After the operation 11 cases had less than 4,000,000 red 
blood cells per cmm., and the remainder had more than 4,000,000. 
The following table records the operation, the tj’pe of anesthesia 
used, the time interval since the operation and the patient's condi- 
tion at that time. 


Table 3.— Resuz^i^ of Operations and Follo'\v-up of Patient. 


Case 



Follow- 


No. 

Operation. 

Anesthetic. 

up. 

Condition. 

1. 

Hemorrhoidectomy 

Ether 

7 years 

Good. 


Dilatation and curettage and 

Ether 

6 years 

Good. 


radium implantation 



2. 

Explore chest abscess 

Novocain 




Resect 3 costal cartilages 

Novocain 

7 years 

Good. 

3. 

Appendectomy 

Ether 

6 years 

Good. 

4. 

Amputation of breast 

Gas-oxygen 

5 years 

Good. 

5. 

Choledochostomy 

Ether 

4 years 

Good. 

6. 

Herniorrhaphy 

Spinal 

3 years 

Good. 

7. 

Facial repair of hernial scar 

Spinal 

3 years 

Good. 

S. 

Hemorrhoidectomy 

Spinal 

2 years 

Good. 

9. 

Herniorrhaphy 

Novocain 

2 3’ear8 

Good. 

10. 

Hemorrhoidectomy and rad- 

Spinal 

2 3'ear8 

Died 2 months after .a 


ical antrum 

Cocain 


cholecystectomy. 

11. 

Cen’ical amputation 

Ether 

2 years 

Good. 


Apical abscess drained 

Gas-oxygen 

6 months 

Good. 

12. 

Hydrocele excision 

Spinal 




Hemorrhoidectomy 

Spinal • 

2 years 

Good. 

13. 

Hemorrhoidectomy 

Cer^'ical amputation with 

Spinal 

Spinal 

1 year 

Good. 


ant. and post, colporrhaphy 



14. 

Cholecj'stectomy 

Avertin 

1 year 

Fair. 

15. 

Hemorrhoidectomy 

Spinal 

1 year 

Good. 

16. 

Excision carbuncle 

Gas-oxygen 

1 year 

Good. 

17. 

Hj'sterectomy and removal 

Avertin 

1 year 

Good. 


of adnexa 



18. 

Hemorrhoidectomy 

Novocain 

1 year 

Good. 

19. 

Dilatation and curettage and 

Gas-oxj’gen 

6 months 

Good. 


radium implantation 



20. 

Cholecystectomy 

Avertin 

5 months 

Dead. 

21. 

Cholecystectomy 

Gas-oxygen 

4 months 

Dead. 

22. 

Hemorrhoidectomy 

Ether 

3 months 

Good. 

23. 

Hydrocele excision 

Spinal 




Suprapubic prostatectomy 

Spinal 

S months 

Fair. 

24, 

Resection of part of colon for 

Ether 

3 months 

Good. 


carcinoma 


Spinal anesthesia was used 11 times, ether 7, gas-oxj'^gen 5, novo- 
cain 4, avertin 3 and cocain once. In isolated instances the novocain 
and avertin were reenforced with gas-oxygen and ether respectively. 
The average time of the operations was 1 hr. (10 min. and 4 hr. 
extremes). Whenever possible the operation was deferred until the 
patient’s red blood cell count was within normal range. There were 
no deaths in this group that could be attributed directly to the 
operation. 

Case Abstracts. Case 10.— A man, aged 54, was operated upon for 
hemorrhoids and an infected left antrum. His blood picture was essentially 
normal both before and after the operations. He had been maintained on 4 
ounces of liver pulp or 2 to 3 vials of liver extract dailj’^ for several months 
previously and this same regime was continued tliroughout his operations 
and postoperative periods. Two years after discharge he had a cholecystec- 
tomJ^ Neurological s 3 Tnptoms, that were ahead}’^ present, increased 
markedlJ^ He developed a phlebitis and died from a cerebral embolus 2 
months after the operation. An autopsy did not throw much additional 
light on liis case except to confirm the diagnosis of pernicious anemia. 
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Case 21.— A male, aged 55, died 4 months after a cholecystectomy. 
Before the operation his Wood showed a hemoglobin of 80% and an erythro- 
cyte count of 4,220,000 cells per cmm. For more than a year he had been 
maintained on raw and cooked liver, and for the last few months on 2 to 3 
vials of liver extract daily by mouth. During this time his red blood cell 
count remained about the same as that stated above. His immediate post- 
operative course was stormy, complicated by “shock” and marked weak- 
ness. The latter persisted for more than 2 weeks and his a,nemia progressed. 
On the 23d day after the operation his red blood cell count was 2,700,000 
cells per cmm. This developed despite the intake of 4 vials daily of a known 
potent liver extract, which was started on the 4th postoperative day and 
2 days later increased to 6 vials daily. At the time of discharge from the 
hospital (81 days after the operation) he had a red blood cell count of 4,230,- 
000 cells per cmm. and a hemoglobin of 80%. The cause of his death was 
not ascertained. 

Case 20.— A 56-year-old female, who responded well to liver extract 
given orally, had a relapse under treatment and developed neurological 
symptoms. An intravenous cholecystogram showed a non-functioning gall 
bladder. Following a cholecystectomy she had an uneventful convales- 
cence; her red blood cell counts improved moderately. She continued her 
liver medication and was readmitted 4 months later. A trophic ulcer had 
become infected and she died 6 weeks after admission, 5 months after the 
cholecystectomy. A postmortem examination showed extensive thrombosis 
of the iliac veins and lateral sinuses apparently related directly to the 
infected trophic ulcer.®* 

In this group liver treatment was resumed on an average of 2 
days after the operation. Twenty cases received liver preparations 
orally and 11 intramuscularly. Raw liver pulp and (Lilly’s) liver 
extract No. 343 (N. N. R.) were the preparations given ora%' Nine 
cases received the former, 9 the latter, and 2 were given both prepa- 
rations. They received 250 to 600 gm. of the liver pulp or the 
equivalent value of liver extract daily. Eleven cases were treated 
exclusively by Lederle’s intramuscular liver extract, receiving 3 to 
6 cc. daily for 1 to 3 days depending on the severitj^ of their anemia 
and subsequently 3 cc. once a week until discharged. 

Blood transfusion was used twice in this group of cases. 

Case 14. — ^A 65-year-old woman had responded poorly to liver therapy. 
Her red blood cell count had not increased more than 500,000 cells per cmm. 
in 4 weeks. She had received 3 intramuscular injections of liver extract 
in the first 2 weeks and 6 vials of liver extract daily by mouth during the 
last 2 rveeks. While on the ward she developed an acute exacerbation of a 
chronic cholecystitis. The day before the operation her blood showed a 
hemoglobin of 65% and an erythrocyte count of 2,750,000 cells per cmm. 
She was given a transfusion of 300 cc. of blood and a cholecystectomy per- 
formed under avertin anesthesia. On the 7th day after the operation she 
was started on 6 vials of liver extract daily by mouth. Her entire post- 
operative course wns uneventful. Blood examinations on the 10th day 
o .fp ^ hemoglobin of 55%, red blood cell count of 

3,456,000 cells per cmm., and on the 35th day 65% and 4,290,000 respec- 
tively At present, 1 year after the operation, she is in fair condition and 
lias taken liver irregularly. 


The reference is a complete report of this case. 
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The following case illustrates some contingencies that may develop 
when the patient is not treated adequately before and after an 
operation. 

Case 23. — A 70-year-old man had had symptoms of pernicious anemia 
for more than 8 years. He received adequate treatment and during the 
past year had been kept in good health and maintained a normal red blood 
cell count on one- intramuscular injection of liver extract every 6 weelvs. 
Two weeks after one of Ms injections he was operated upon for a hydrocele 
sac and an enlarged prostate gland. His normal blood counts seemed to 
be a sufficient indication to the surgeons that no treatment was needed for 
his pernicious anemia until the usual time for his next injection. Tv'o daj'^s 
after his second operation his red blood cell count was 2,920,000 cells per 
cmm. Intensive treatment was instituted with amelioration of his weak- 
ness and anorexia. He developed marked ataxia and paresthesia of his 
hands and legs. Tv'elve cc. of liver extract were given intramuscularly 
during the next 3 days, and one injection of 3 cc. each week thereafter. Three 
months after the operation Ms red blood cell count was 4,750,000 cells per 
cmm., and his neurologic sjmiptoms had improved moderately. 

A total of 10 oral operations w-ere performed in both these groups, 
dealing only wdth the removal of several teeth, root fragments, or 
both. None of the patients had any unusual reactions. The opera- 
tions were done under gas-oxygen anesthesia or local novocain injec- 
tions. None of these patients had erythrocyte counts below" 
3,000,000 cells per cmm. before the operation. Complete blood stud- 
ies after the operation w"ere lacking in most instances. 

It is interesting to note that 12 of the 24 patients in the second 
group had had 27 operations previous to those indicated in Table 3. 
Of these operations, 21 w"ere done prior to the liver treatment era. 
Of the 27 operations, 15 w"ere major procedures (appendectomy, 
cholecystectomy, hysterectomy, salpingectomy, herniorrhaphy). 

Discussion. Previous to the 'advent of liver therapy the treat- 
ment of pernicious anemia patients before and after operation con- 
sisted largely of blood transfusions. The tendency to spontaneous 
remissions made it extremely hazardous for any prophet except 
Father Time to evaluate the efficiency of a given method of treat- 
ment. Certainly the advantages of splenectomy have not become 
apparent and can hardly be considered as an adjunct in the treat- 
ment of this disease.^ The advent of liver in the treatment has 
changed this aspect of the problem completely, and the utility of 
the various preparations now" employed enables one to treat the 
patient adequately throughout the operative period. Intramuseular 
injections of liver extraet have largely replaced at this hospital the 
oral preparations. The injections cause only slight discomfort and 
only minor reactions have been encountered. 

In the first group of cases reported (those before the advent of 
liver therapy) many blood transfusions were used: in the second 
group (those after advent of liver therapy) only 2 transfusions w"ere 
thought to be necessary. In the first group 5 patients died W"ithin 3 
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years after discharge from the hospital, and 2 died 20 and 40 days 
after the operation, In only 1 of these 8 patients could the opera- 
tion be said to have been related directly to the mortality, and in 
this instance a complicating cardiac and renal insufficiency was the 
main cause of the death. These cases tolerated the operations very 
well. Their average- erythrocyte counts were low and the slight 
reduction of the red blood cell count after the operation was enough 
to aggravate the existing anemia. Their postoperative course 
was no more subject to complications than that of similar cases 
without pernicious anemia. The numerous transfusions doubtless 
played a major rdle in aiding these patients to tolerate the opera- 
tions so well. 

In the second group the operations were deferred, if possible, 
until the red blood cell count was within normal range. If imme- 
diate surgical intervention was indicated, the operation was per- 
formed and the patient received intensive liver therapy, abetted 
by transfusion if necessary. Case 14, cited previously, was the 
only one in this group operated upon when the red blood cell count 
was low. If the hematologic response was unsatisfactory and a 
condition amenable to surgical treatment existed, operation was 
advised and carried out when the patient was in the, best condition 
possible. Cases 1, 2 and 8 are examples of this situation. Ade- 
quate treatment over quite a long period did not brmg their red 
blood cell counts entirely to normal. After the operation a normal 
erythrocyte count was established and maintained. A brief history 
of these cases follows. 

Case 1.— A 42-year-old woman had had symptoms of pernicio-us anemia 
for _2 years. She responded well to treatment. Her erythrocyte count 
varied from 3.5 to 4.5 million per cmm. She had intermittently bleeding 
hemorrhoids and moderate menopausal bleeding. Since the operation her 
erythrocyte count has been consistently over 5 million. The treatment of 
her pernicious anemia has been the same since operation as it was previously. 

Case 2._— -A 63-year-old man was under treatment for a year for pernic- 
ious anemia. He made a good initial response but his red blood cell count 
remained in the ^dcinity of 3.5 million. He was operated upon for a tuber- 
culous abscess of the chest wall. Within 2 months his count had risen to 
4.5 million and has remained between that level and 5.5 million on prac- 
tically the same_ amount of liver as he had taken before operation. 

Case 8. — Tin's man of 52 years had had symptoms of pernicious anemia 
for 2 months and responded well to treatment. He had intermittent bleeding 
hemonhoids. Previous to operation his red blood cell count had averaged 
4.5 miffion, decreasing to 3.5 million when he lost blood. After operation 
Ins red blood cell count reached and maintained consistently more than 
• 5 milhon on the same, or equivalent, ffi'er therapy as he had taken pre- 
viously. 

It is interesting to note the 3 mortalities. They had had chole- 
cystectomies, 2 of wffiich (Cases 20 and 21) wmre done in this hospital. 
The former has been, presented. The latter did not improve and 
died 4 months after the operation with well advanced neurologic 
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changes. The 3d one (Case 10) Avas operated upon in another hos- 
pital and died 2 months after^ the operation. These 3 incidents 
cannot help but bring to mind the possible relationship between 
biliary and hepatic disease and anemia, particularly pernicious 
anemia.”'^' The postoperative course in these 3 patients was 
uncomplicated in 1, “stormy” in another, and that of the 3d is not 
known. All 3 had moderate subjective neurologic symptoms, and 
in 2 of them these symptoms became progressively worse. In 
contrast to these. Case 14, one year after a cholecystectomy, had a 
red blood cell count of 3,500,000 cells per cmm. She did not feel 
well but had not followed her liver treatment faithfully. 

Whether or not these deaths have any relation to the operation, 
the condition of the patient previous to the operation, or the method 
of treatment, we are not prepared to state. Satisfactory informa- 
tion has not been obtained of the treatment and clinical course 
either of Case 10 that had a cholecystectomy in another hospital, 
or of Case 21 that died after discharge from this hospital. It does 
not appear likely that the operation can be blamed or criticized. 
As far as can be determined there were no unusual differences in the 
general physical condition of these 3 patients and others who had 
operative procedures of equal magnitude. 

In this review the presence or absence of neurologic sjunptoms 
was noted before and after operation. Exact information frequently 
was not given. Whenever it was noted these symptoms were prac- 
ticallj'^ always made worse by the operation and several times made 
their initial appearance soon after the operation. This was espec- 
ially apt to occur when adequate treatment was not provided, or 
when a marked fall in the red blood cell count followed the opera- 
tion (see Case 23 cited previously). Improvement ha the red blood 
cell count is frequently, though not always, accompanied by a 
diminution in the neurologic symptoms. Although the cause of 
these central nervous system changes is not knorni, it is reasonable 
to assume that the anemia does not play a neutral or disinterested 
role. Possibly forced confinement in bed after surgical treatment 
may play some causative part. 

'\Wiether the liver was given intramuscularly or by oral adminis- 
tration did not appear to make any difference, provided an adequate 
amount was taken by the patient. The advantages of the intra- 
muscular route are obvious. By this method a definite amomit can 
be administered, and the treatment can be carried out regardless 
of the nature of the operation and of the type of anesthesia employed. 
The essential feature is to give an adequate amount of potent 
material. 

Most of these patients were given iron (ferrous carbonate [U. S. P] 
or ferric and ammonium citrate [U. S. P.] 3 to 6 gm. daily), usuallj’" 
being begmi in the convalescent period. The red blood cell counts 
were made 1 to 12 days before the operation (average 3 days). 
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Those recorded after the operation were done at 1 to 15 days (aver- 
age 6 days). , . . 

These patients with pernicious anemia tolerate operative pro- 
cedures very well. They do not seem to be subject to surgical corn- 
plications any more than other patients. The type of anesthetic 
employed and the length of time that the operation required did 
not bear any relation to the complications or the end results. The 
definite impression that following an operation central nervous 
system symptoms may develop or be increased, if already present, 
certainly should be taken into consideration when the operation is 
not strictly, necessary. The erytbroc^e count tends to ‘decrease 
after the operation, which apparently is not a result of blood loss. 
This can be greatly lessened and frequently obviated if treatment is 
given intensively before the operation and continued through con- 
valescence. Sources of blood loss and infection frequently stand 
as barriers successfully preventing the attainment or maintenance 
of normal red blood cell levels. In those instances the eradication 
of these foci has a distinct therapeutic -value and should not be 
neglected. The possible development of cord changes demands the 
fullest safeguard that can be provided, and at present this is inten- 
sive treatment during the pre-operative and postoperative periods. 

Summary .and Conclusions. A series of 32 cases of pernicious 
anemia that were operated upon is presented, with a discussion of 
the influence of the operation on their pernicious anemia and on the 
possibility of the development of central nervous system lesions. 
Many of these patients had sources of blood loss or infection which 
seemed to prevent the establishment or maintenance of normal red 
blood cell counts. The removal' of these sources appeared to have 
a definite therapeutic value, as subsequent red blood cell counts 
showed an increase in the number of erythrocytes, hlost of the 
cases received intensive treatment before the operation and during 
the postoperative period. One exception developed marked symp- 
toms of central nervous system damage following the operation. 
It is om strong impression that surgical operations on patients with 
pernicious anemia have a definite tendency to precipitate or increase 
the development of neurologic symptoms. These can and should 
be guarded against by intensive liver therapy before and after 
operation. 

Patients with pernicious anemia that are treated intensively 
before the operation and during the postoperative period tolerate 
surgical operations A''ery well and are good surgical risks. 


1 ■svish to express my appreciation to Dr. William P. 
cisms and suggestions. 


Murphy for his helpful criti- 
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Body temperature in man has been studied intensively since the 
latter lialf of the 19th century. Historical reviews have been pre- 
sented by Wunderlich,^ Pembrey* and by Woodhead and Varrier- 
Jones.® These deal with the development of thermometry in medi- 
cine, the introduction of the clinical thermometer, and the general 
acceptance bj’’ the medical profession of the value of a Imowledge of 
body temperature in tlie diagnosis and treatment of disease. Wun- 
derlich’s classical work^ played a major role in emphasizing the 
importance of studying body temperature. 

Many investigations have been 'directed toward ascertaining the 
temperature in various parts of the body and the relations among 
these. Numerous studies have been made of the influence of such 
factors as exercise, food, sleep, climate, age, sex, disease, etc., on 
heat regulation. Reference to a large number of these may be found 
in the reviews noted above. 

Several parts of the body are used in the determination of tem- 
perature. The axilla is generally so utilized in Europe and Great 
Britain. In this country the mouth is preferred. The rectum com- 
monly serves as the site when temperature measurements are made 
in infants and children; but in recent years, clinicians have more 
and more frequently selected the rectum as the location in both 
adults and children. 

* Submitted by Dr. R. G. Hoskins, Director of Research, The Memorial Founda- 
tion for Neuro-endocrino Research. 
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Physiologic and clinical researches frequently involve the deter- 
mination of body temperature. Sometimes the results of oral 
measurements are reported; at other times rectal measurements. 
In dealing with psychotic subjects it is often necessary to make 
rectal rather than oral measurements because of uncooperativeness. 
This causes difficulty when attempting to compare results with 
published reports in which oral temperature was measured. 

There appears to have become widespread in this country among 
members of the medical profession and nurses the impression that 
the rectal temperature, exceeds the oral by 1° F. Just how this has 
come about is difficult to explain. Numerous observers have 
pointed out that the difference between the temperature in the 
mouth and in the rectum may vary from 0° F to 2° F, or even more 
if taken immediately after exercise or in cold weather. Burton- 
Fanning and Champion^ state that the rectal temperature is on 
the average 0.4° F higher than the oral and give the limits of varia- 
tion as 0.0° F to 0.8° F. Wunderlich^ notes the rectal temperature 
as 0.5° F to 2° F (on the average 0.7° F) higher than that in the 
mouth. Pembrey^ gives the average difference between oral and 
rectal temperature, obtained from the results of several observers, 
as 0.72°. Bardswell and Chapman® give 0.9° at rest and 1.8° imme- 
diately after exercise as the difference. Reicherf says the mean 
rectal temperature is 0.18° to 1.8° higher than the mean oral tem- 
perature. Hewlett® states the difference as one degree and notes 
that this figure is increased when the mouth has been cooled. 
Burton-Opitz® gives the difference as 0.54°. Howelh® apparently 
follows Pembrey® in giving the average oral temperature as 98.36° 
and the average rectal temperature as 98.96°. Macleod" says that 
the rectal temperature is usually about 1.8° higher than the oral. 
WrighP® states that the rectal temperature is 0.50° to 0.75° higher 
than the oral and that it may be higher after exercise. It is clear 
that the general acceptance by physicians of one degree as the 
standard difference does not take proper accomit of the literature. 

In many instances in clinical work no harm may be done by 
accepting 1° F as the standard difference. But in 'certain research 
problems it is necessary to know the nature of the relation of tlae 
two variables. It has seemed desirable, therefore, to investigate 
oral and rectal temperatures in order to determme more accurately 
the relationship between them. Along with investigation of this 
relationship, some points of general clinical importance and interest 
have been studied. The two groups of subjects used in the study 
enable a comparison to be made between normal subjects and those 
suffering from schizophrenia. In addition, observations on so- 
called “normal” body temperature have been made. 

Methods and Materials. Simultaneous readings of oral and rectal tern- 
peratures 'vs'ere made in 25 hospitalized male schizophrenic subjects and 
in 24 normal male subjects, during December, 1932, and' January, 1933. 
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For each subject readings were taken twice a day (for 12 nearly consecutive 
daj^s), one betw'een 8 and 9 a.m. and one betw^een 4 and 5 p.m. Tliis gave 
24 pairs of simultaneous determinations for each subject. A total of 2352 
observations were made. 

The schizophrenic group ranged in age from approximate!}’- 17 to 45 
years and w^as free from any detectable phj^sical disease or deformities. 
The normal group consisted of apparently health}’- physicians, research 
w-orkers, and attendants, ranging in age from approximately 21 to 45 years. 
The degree of activity differed somewhat in the tw'o groups. The patients 
were less active, were confined to the w'ards throughout the course of the 
study, followed a more regulaT routine of daily life, and rested i to 1 hr. 
before each reading was made. The “normals” w'ere more active, many 
lived on the hospital grounds apart from the main buildings, none follow’ed 
a regular daily routine, and immediately preceding the temperature readings 
they rested not at all, or only for a few’ minutes. 

Before the experiment w’as begun the clinical thermometers, graduated in 
degrees Fahrenheit, were immersed simultaneously in w’ater, the tempera- 
ture of W'liich W’as determined by a standard scientific thermometer. The 
average thermometer reading w’as computed for each of 12 tests and the 
discrepancy of each thermometer from this average tabulated. The great- 
est average discrepancy was 0.07°. The thermometers w’ere paired on the 
basis of the average discrepancy so that 6 practically equivalent pairs w’ere 
obtained. One pair w’as assigned to eacli subject. Therefore, aU oral 
readings on any one subject were taken w’ith a single thermometer and all 
rectal readings on that subject were taken ^th a matched thermometer. 

All observations were made in w’ell-heated rooms, with tlie subjects 
recumbent and fully clothed except for the time necessary to permit inser- 
tion of the thermometer in the rectum. The morning readings were made 
w’ithin an hour after brealcfast and the afternoon readings w’ithin an hour 
before supper. For both oral and rectal readings the thermometers w’ere 
in place for at least 10 min. In all instances care w’as taken to have the 
thermometers correctly placed in the mouth and inserted at least 5 cm. in 
the rectum. In the schizophrenic subjects it w’as necessary to keep constant 
watch to insure that the hps w’ere tightly closed and that there w’as no 
manipulation of the thermometer w’ith the tongue. If these requirements 
were not strictly fulfilled the time the thermometers w’ere in place w'as 
extended — in some instances to as long as 20 min. Generali}’ the coopera- 
tion W’as such that a rehable measurement could be made in minimum 
time. 

Results and Discussion. For each subject the measurements of 
oral temperatures made in the morning and afternoon are grouped 
together (Table 1). The rectal readings are similarly grouped. An 
objection might be raised to this procedure as ignoring the diunial 
variation in body temperature. How’ever, as show’n by Table 2, 
the difference betw’een the mean oral as w’ell as the mean rectal 
temperatures of morning and afternoon for schizophrenic subjects 
is only 0.14°. For “normals” these differences are 0.29° and 0.10°, 
respectively. 

Li contrast w’ith these relatively minor differences are the results 
obtained in a supplementary study at a longer interval between 
readings. At 4 to 5 a.m. and 4 to 5 p.m. measurements w’ere made on 
61 schizophrenic subjects every day for 30 days; a second period of 
30 days followed 2 months later; and a final 30-day period after 
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another 2 months’’. Most of the patients used in the smaller group 
served also for the latter study. The average differences betiveen 
the morning and afternoon readings for the 3 periods were 1.32°, 
1.36°, and 1.32° (Table 3). These differences are large in com- 
parison with those noted between the 8 to 9 A.M. and 4 to 5 p.m. 
readings. 


Table 1.— Average Oral and Rectal Temperatures for "Normals” and 


Individual means— “normals.” 

Schizophrenics. 

No. Min. Max. 

Range. 

Mean and 
standard error. 

Oral 

24 

97.4 

98.4 

1.0 

97.93 

± 0.06 

Rectal 

24 

98. 2„ 

99.5 

1.3 

98.88 

0.07 

Individual means — “Schizo- 
phrenics.” 

Oral 

25 

97.6 

98.8 

1.2 

98.25 

0.06 

Rectal 

25 

98.2 

99.5 

1.3 

98.79 

± 0.06 

Mean differences — "normals” 

24 

0.42 

1.79 

1.37 

0.95 

0.07 

Mean differences — “ Schizo- 
phrenics” . . . . 

25 

0.26 

0.80 

0.54 

0.54 

± 0.03 


Table 2. — Mean Morning and Afternoon Temperatures for “Normals” and 

Schizophrenics. 

Standard Errors are Used. 

A.M. Oral. P.M. A.M. Rectal. p.m. 


Patients 98.17 * 0.06 98.31 ± 0.06 98.72 * 0.07 98.86 ± 0.06 

Controls 97.80 0.07 98.09 =*= 0.06 98.81 * 0.10 98.91 0.08 


Table 3.— Average Morning and Afternoon Rectal Temperatures fob 
Periods of 1 Month Each in 61 Schizophrenic Patients. 

Standard Errors are Used. 


I Period 
II Period 
III Period 


4 to 5 A.M. 

97.5 ± 0.02 

97.6 ± 0.03 

97.7 ± 0.04 


4 to 5 P.M. 
98.8 ± 0.03 

99.0 ± 0.02 

99.1 ± 0.03 


Difference. 
1.32 ± 0.04 
1.36 ± 0.03 
1.32 0.04 


The mean difference of 0.95° between oral and rectal temperatures 
in the normal subjects would at first glance seem to bear out the 
impression of clinicians that the rectal temperature is about 1° 
higher than the oral. But it must be remembered that this is the 
average difference for the entire group; the average difference in 
individuals of the group ranged from 1.79° to 0.42°. The difference 
between oral and rectal measurements at any one time showed even 
more marked variation than the mean differences. In one normal 
subject the rectal temperature was 3.5° higher than the oral; in 
another the oral was 1.7° higher than the rectal. The graph in 
Fig. 1 indicates clearly how widely scattered are the differences in 
individuals and shows that even the bulk, of the observations repre- 
sents a wide range. It is obvious that the use of the mean difference 
of 0.95° as the standard by which to estimate the relationship of 
oral to rectal temperature of any given individual case is entirely 
unreliable. 

In the schizophrenic group the mean difference is 0.54°. The 
average difference in indhdduals of this group ranged from 0.80° to 
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0.26°. In one subject on one occasion the rectal temperature was 
1.8° higher than the oral; in another the oral reading was 0.6° higher 
than the rectal. The graph. Fig. 2, illustrates these findings. 

Comparison of the figures obtained for the schizophrenics with 
the figures for the normal group reveals distinct differences. It has 



Eig. 1. — Variation of rectal minus oral differences in normal control subjects. 
Graph shows aggregate distribution of differences based on 24 simultaneous oral and 
rectal temperature measurements on 24 subjects. 



Fig. 2. — Variation of rectal minus oral differences in schizophrenic subjects. 
Graph shows aggregate distribution of differences based on 24 simultaneous oral and 
rectal temperature measurements on 25 subjects. 


been pointed out in the description of methods and materials that 
the normal group was subjected to more varied conditions than the 
schizophrenic group. To what extent the smaller mean difference 
between oral and rectal temperatures in the patients was related 
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to the more constant conditions obtaining among them, and to what 
extent the difference may have represented a characteristic of the 
psychosis, these studies do not show. The problem is under further 
study. 

Investigation of the correlations between the oral and rectal 
temperatures shows a striking difference between the normal sub- 
jects and the patients. In the normal group individual correlation 
coefficients range from —.41 to +.91, with an average of +.66. 
In some cases the rectal temperature' tended to be low when the oral 
was high and mce ■uersa, whereas in others the two varied together. 
In the schizophrenic group the range is from +.20 to +.92, with 
an average of +.73. This difference between the two groups may 
in part be evidence of the influence exerted by the greater variation 
of activity on the "normals.” But even under the fairly constant 
conditions obtaining among the patients, the predictability of oral 
temperature from the rectal is of low degree. Among normal sub- 
jects the possibility of predictability becomes entirely illusory. 

Detailed statistical analysis reported by us in another paper^^ 
shows that in comparing the figures for “normals” with those for 
schizophrenics one finds that there is greater variability shown by 
the “normals.” In the case of the schizophrenics no distinction 
can be made between the oral and rectal temperatures as to relative 
reliability. In the “normals” the rectal temperatures seem to show 
greater stability than the oral. These results suggest that in dealing 
with individuals such as the normal group, who are subjected to 
varying conditions of activity and of external temperature, the 
rectal measurement is a more reliable source of information. In 
individuals like our schizophrenic group, who are restricted in 
activity and not exposed to variations in external temperature, 
both rectal and oral measurements seem to be of equal reliability. 
Studies by Hoskins and Sleeper''^ had suggested that abnormal varia- 
bility of physiologic functions would be shown by the schizophrenics. 
This is not the case in the present study of body temperature. 

Several authors state that hypothermia is a common finding in 
schizophrenia. Kraepeliffi^ says, “Temperature is usually low, 
sometimes sub-normal, with occasional reversal and small range 
of the daily fluctuations.” Bleuler^ and Singeri'^ make similar 
statements. Langfeldt^® quotes several writers on this point, some 
of whom agree while others write of a rise of temperature for which 
no reason was foimd. Hypothermia was noted as a rather constant 
finding in the numerous studies of body temperature in mental and 
nervous diseases made in the latter half of the 19th century (Wil- 
liams,^® Wunderlich,^ Zenker,®® Snell®^). It seems impractical to 
take the results of studies made on body temperature in the psy- 
choses before the general adoption .of the Kraepelinian classifica- 
tion for comparison with the results of our present study, as the 
schizophrenic (dementia precox) group was not separated from the 
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other psyclioses. There is in recent literature praetically no refer- 
ence to body temperature in scliizoplirenia. 

In this study the normal subjects had a lower mean oral tempera- 
ture than the schizoplirenics and essentially the same mean rectal 
temperature (Table 1). 

In this country and in Europe, 98.6° has been generally accepted 
as the “normal” body temperature of the healthy individual. 
Clinical thermometers have a mark at this level, and on clinical 
charts a heavy line is found at 98.6°. In British countries 98.4° 
has come to be regarded as the “normal.” This figure is derived, 
as Pembrej'- has pointed out, from the observations of John Davy, 
and represents the mean of observations of oral temperature taken 
on himself chiefly during the active part of the day, with very few 
observations between midnight and early morning. In^’^estigators 
in thermometry (Pembrey,- Wunderlich, ^ etc.) have pointed out 
that these figures by no means cover the facts. 

Some recent writers have pointed out that to accept the figures 
98.6° or 98.4° as the normal body temperature is wrong. Lyon and 
Wallace-- found the mean axillary temperature in 250 non-febrile 
hospital patients confined to bed to be 97.2° at 7.00 a.m. and 97,45° 
at 7.00 P.M., with an average of 97.32°. They state that 98.4° is 
not the maximum reading above which the presence of fever may 
be assumed, and that it is inaccurate for patients confined to bed 
for long periods, ^^fiiiting-^ reports the mean oral temperature in 
500 criminals as 98.37° and gives 98.38° as the mean for those 
prisoners apparently in perfect health. Paton^'* found in a study 
of the oral temperature in 108 healthy schoolgirls from 14 to 17 
years of age that 75 per cent of the readings were below 98.4°. 
Rautmann^“ in a study of more than 1000 students from 18 to 22 
years of age determined an average axillary temperature in males 
of 98.2°, with extremes of 96.4° and 100°; in females a fraction of 
a degree lower. 

Our results as shoira in Table 1 support the contention that 
98.6° or 98.4° should not be regarded as the normal body tempera- 
ture. These latter figures were supposed to represent the mean 
temperature in a healthy individual and do not make allowance for 
the regular diurnal variations, the degree of activity, the external 
conditions, or take into account the probability that there is a range 
within which the temperature may vary in different individuals in 
health. In the “normals” the mean oral temperature ranged from 
an individual mean of 96.9° to one of 98.4° in the morning, and from 
97.5° to 98.5° in the afternoon. These figures do not show the 
extreme minimum and maximum values for any one reading in an 
individual, which are 94.6° and 100.2° respectively. Study of the 
figures given for mean rectal temperatures in the “normals” reveals 
similar findings, as do also the figures given for the schizophrenics. 
It must be pointed out that patients met in clinical practice are 
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seen under niore variable conditions than our normals, and tliere- 
fore under such conditions greater temperature fluctuations than 
reported here may be observed. 

Summary. A study of the relation between oral and rectal 
temperatures measured Simultaneously in 24 normal and 25 schizo- 
phrenic subjects is reported. 

The mean oral temperature was 0.95° lower than the rectal tem- 
perature in the “normals” and 0.54° lower in the schizophrenic 
group. 

A low degree of predictability of oral temperature from the rectal 
temperature in the non-active schizophrenic group is shown by the 
correlations obtained. In the active normal group predictability 
becomes impossible. 

The normal subjects individually showed more variability than 
did the individual patients. 

In the normal subjects rectal measurements were apparently 
more reliable as an indication of body temperature. Oral and rectal 
readings were apparently equally reliable for this purpose in the 
patients. 

The normal subjects had a lower mean oral temperature than the 
patients and essentially the same mean rectal temperature. 

The difference in the figures for the two groups may be in part 
accounted for by the greater activity of the “normals.” The 
suggestion is made that the heat regulating mechanism in the schizo- 
phrenic subjects may be different than in the “normals.” 
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(From Muirdale Sanatorium, Wauwatosa, Wis.) 

The problem of adequate nutrition is of utmost importance in 
pulmonary tuberculosis. A great many tuberculous patients are 
of normal weight, or their weight can be restored to normal by rest 
and exposure to fresh air, or in addition to these by local interven- 
tions, such as artificial pneumothorax, plirenic nerve block, etc. 
However, there is a definite group of patients who, in spite of appro- 
priate therapeutic measures, stay undernourished. Mostly moder- 
ately and far-advanced cases belong to this class. In this group, 
attempts to correct the lack of appetite, to increase the food intake 
and to improve the nutritional status, often fail even when the well- 
knovm medicines, such as dilute hydrochloric acid and stomachics, 
are used; or when the diet is corrected and regulated, and constipa- 
tion, if present, is eliminated. 

We have used insulin for such patients having an active, moder- 
ately (24 cases) or far-advanced pulmonary tuberculosis (19 cases). 
This was based on the favorable results seen by hlarriotte' and 
Barbour- in undernourished infants (1924), and bj^ Falta.® in adults 
(1925) in a great A’ariety of diseases, including tuberculosis. Inves- 
tigations on the carbohydrate metabolism in the tuberculous were 
also liighly suggestive in this regard. Rabuchin^ found in tubercu- 
lous animals a hypoglycemia during the first 2 weeks tliat became 
worse, returned to normal, or developed into hyperglycemia during 
the latter course of the disease. Necropsy revealed that there is a 
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tendency to a productive proliferative process in the pancreas, with 
atrophy and necrosis of the lobuli and contraction and sclerosis of 
the islands of Langerhans, resulting in hypofunction of the pancreas. 
Furthermore, the liver showed a very low glycogen content, the 
latter being the result of the increased metabolism caused by absorp- 
tion of toxins or, as has been shonm by Lawrence,^ by a shortage of 
insulin. Rabuchin-* also observed that following the administration 
of glucose orally or intravenously in tuberculous patients, there was 
a rapid, sharp and higher than normal rise in the blood sugar, 
followed by a slower return to its original level than seen in normal 
persons. 

Several of the patients included in our group were strict bed 
patients. Only 8 were afebrile, 24 had temperature below 37.5 C 
(99.5 F). The temperature was between 37.5 and 38.5 C (101.3 F) 
in 8, and over 38.5 C in 3. Complications in these patients were: 
chronic interstitial nephritis, 1; renal tuberculosis, 1; renal and 
intestinal tuberculosis, 1 ; intestinal tuberculosis, 3 ; rectal fistula, 1 ; 
rectal fistula and Pott’s disease, 1; tuberculous laryngitis, 4; tuber- 
culous laryngitis and corneal ulcer, 1; pregnancy, 1; allergic asthma, 
1; and ichthyosis, 1. 

It may be thought that such patients might have represented, a 
’priori, a poor prognosis and only slight opportunity, if any, to 
accomplish the desired effect. Still, such a selection seemed to be 
justified: 1, because tuberculous patients in the earlier or quiescent 
stages are, as a rule, in no need of forced nutrition; 2, because it was 
expected that, by inducing better ingestion, absorption and assimila- 
tion of food, one might be able to improve the condition of the body 
tissues and thus to increase the defense mechanism of the body in 
these stationary and often apparently intractable cases. It is a 
matter of conjecture that perhaps the effect of insulin on fat metab- 
olism, as manifested by increased deposition of fats in experimental 
animals and in diabetics taking insulin, might favorably influence 
the course of tuberculosis. Animals kept on a high-fat diet showed 
better resistance against tuberculosis than those kept on ordinary 
diet; 3, because insulin may establish an increased endogenous 
production of insulin even after injections having been discontinued. 
Such an explanation was given by Metz'= for the maintenance of 
improved appetite and continued gain in weight after the termina- 
tion of insulin treatment. 

Our experience taught us that it is safer to begin the treatment 
with 5 units 3 times a day, | hr. before meals, and increase it to 3 
times 10 units or more daily, if necessary. This precaution is advis- 
able because of the possibility of administering insulin to patients 
with hypoglycemia and thus causing a' disagreeable reaction, 
Rabuchin'* found that the blood sugar was below 80 mg. per cent in 
12.3% in pulmonary tuberculosis cases in Tvrrban’s first and second 
stage and in 22.4% in Turban’s third stage. Six per cent of the cir- 
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rliotic, 25.5% of the productive nodular, and 28.8% of the exudative 
cases showed the same low blood sugar. The maximum amount 
of insulin given on one daj’’ was 3 times 15 units in this series. Only 
one patient went into a semicoma while taking 10 units 3 times a day. 
This patient had fever and a high pulse rate. Her appetite was not 
influenced by insulin and her food intake was not satisfactory. 
The reaction reached its peak in 3J hr. following the injection, 
during the afternoon “rest hours.” It was promptly checked by 
intravenous glucose injection and by giHng several glassfuls of 
orange juice with sugar. This occurrence probably could have been 
prevented bj’^ closer watch over the patient, and indicates the neces- 
sity of constant supervision of insulm treated patients. One patient 
developed abdominal pain, nausea and vomiting after each injec- 
tion of 10 units of insulin, a condition not milike that recently 
described by Williams^ as gastro-mtestinal allergy due to insulin. 
In 1 case the insulin was discontmued because of headaches, dizzi- 
ness and extreme weakness following injections, although the appe- 
tite showed marked improvement. Almost one-half of our patients 
reported slight wealciiess, tremor and shaldness prior to the de\’^elop- 
ment of hunger. It is a good policy to tell the patients about the 
probability of such mild hj^ioglycemic reaction, before the treat- 
ment is begun. 

Allergic Skin Reaction. This was seen in 5 cases. Two of 
these developed generalized urticaria wdth intense itching; one on the 
23d day, for 5 days; the other on the 10th day of her second course. 
Both of these patients were given 10 imits 3 times a day. Tlie 3d 
patient reported that a swelling the size of a large walnut, with 
slight tenderness, itching and redness, appeared at the site of eacli 
injection of 10 units. This reaction was fii’st noticed during the 
second week of treatment and none was seen during the last 2 weeks 
of the 10 weeks’ insulin treatment. His appetite showed great 
improvement after the treatment was stopped. In the 4th case 
of insulin hj^iersensitiveness, the appearance of a hard swelling 
with a superficial erj’thema at the site of injection began on the 
8th day of the course during which 5 miits were given 3 times a day. 
These reactions appeared in about 6 hr. and lasted for 2 days. No 
gain in weight was noted in this case, although the appetite became 
better and the amount of food ingested was greater than before. 
The 5th patient developed a slightly reddened, itching, hard swelling 
the size of a small walnut following injections of 10 units of insulin, 
which gradually disappeared in 2 days during tlie first 2 iveeks of 
the course. This patient had excellent appetite in spite of these 
reactions. Both of these types of allergic reactions were anaij’zed 
by Tuft® in detail. Allan and Scherer® studied 100 cases in which 
allergic manifestations occurred during insulin treatment in dia- 
betics. They found that reactions occur from insulin obtained from 
every source, although there were differences in the number of 
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reactions from different lots of insulin. TVe liave not observed 
insulin hypersensitiveness in an about equal number of diabetics who 
also liad pulmonary tuberculosis, prior to the use of insulin in non- 
diabetics. Nor have we seen allergic reactions in diabetics who were 
given insulin from the same lot used for our non-diabetic patients. 
It must be assumed that a possible profound change in the allergic 
status of patients with diabetes and tuberculosis is responsible for 
the absence of allergic reactions in the tuberculous diabetic. 

Spontaneous desensitization occurred in 2 of our cases who had 
marked local reactions. In the urticarial cases the insulin was dis- 
continued immediately. Allan and Scherer® obtained relief from 
irritation by using insulin from a different source. Their efforts to 
bring about desensitization deliberately were not very satisfactory. 

The diet of our patients consisted of the regular meals served 
to sanatorium patients, supplemented by milk, crackers and bread 
in the forenoon, afternoon and before retiring, according to their 
appetite. 

Therapeutic Results. Of the 24 moderately advanced cases, 11 
developed a marked, 7 a moderate and 1 a slight improvement of the 
appetite. No change was noted in 4, and the appetite became worse 
in 1. Of the 19 far-advanced cases the appetite greatly increased in 
3, moderately in 4 and slightly in 4; it remained unchanged in 6, 
and became ivorse in 2. In those benefited by the treatment, the 
improvement was noticeable, usually, on the first day or during the 
next 2 to 3 days. The appetite remained good throughout the 
course of treatment in the great majority of 'cases. Lack of increase 
of appetite during, and appreciable increase after insulin treatment 
were seen in 2 patients who were treated for 2 and 10 weeks, respec- 
tively. The appetite became ravenous in some patients. The 
hunger appeared about | hr. after the injection, with the exception 
of 1 patient whose insulin had to be given 15 min. before meals 
because of his early hunger reaction. Hunger during the forenoon, 
afternoon and 2 to 3 hr. after supper was reported by several 
patients. The appetite increased after the discontinuance of ins ulin 
in 5 moderately and 1 far-advanced case, remained improved but 
stationary in 11 and 9 cases in these respective groups, and dimin- 
ished in 4 moderately and 8 far-advanced cases. 

Gain in weight was recorded in 13 (54.1%) of the moderately 
advanced and in 9 (47.3%) of the far-advanced cases. This was 
maintained by the majority (69%) in the moderately advanced 
but only in 44% in the far-advanced group during the next 2 months 
of observation. Additional gain was recorded in 2 of the first group. 
Gain in weight was lacking during, but noted after the discontinu- 
ance of insulin in 2 patients of the first and in 1 of the second group. 
The gain in weight averaged 1 pound per week in several instances. 
The maximum average weekly increase was 2.9 pounds. The end- 
results showed as high as 11% gain in weight in 1 case, and between 
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0 and 10% in several patients. The largest individual gain was 13 
pounds during the treatment. 

The longest continuous treatment lasted for 17 weeks. One 
patient was given 2 courses which together lasted for 20 weeks. 
The length of treatment in the remaining cases was from 2 to 14 
weeks. Attempted treatment or treatment which lasted less than 
2 weeks was given in 1 case of gastro-intestinal insulin allergy, 

1 case which developed semicoma, 1 with severe nervous reaction, 
and 3 with extreme weakness following injections. Of the 4 patients 
who had 2 courses, 1 developed a severe generalized allergic reaction, 
in 1 the response was not satisfactory, and improved appetite was 
noted in 2. 

A transient elevation of the temperature which could have been 
attributed to insulin occurred in 2 instances. However, a close 
study of the temperature charts of these patients revealed a similar 
“auto-tuberculin” reaction prior to the use of insulin. Frank 
hemorrhage was not observed during the treatment. One patient 
who had it prior to the treatment had not developed any tendency 
to hemorrhage while on insulin. Streaked sputum was seen in 3 
patients who had similar occurrence before. It cleared up by 
routine measures in a few days. We have not observed focal reac- 
tion in our patients which could have been due to insulin. On the 
contrary, improvement in the pulmonary process was found in 6 
patients during or following the insulin treatment. Although we 
feel that this might have been a coincidence^ it is reasonable to 
suppose that one might be able to aid resistance, defense, and repair 
by improving the nutritional condition of the tissues. 

We found the following points of great practical importance: 1, 
The dosage should be adapted to the individual case; 2, severe 
reactions must be avoided by proper instruction of the patients 
as well as the nurses, with particular attention to the “rest hours” 
when the sanatorium patients, as a rule, are without direct super- 
vision and when a coma may set in insidiously. Each patient must 
have an easily accessible supply of food of high carbohydrate con- 
tent; 3, the tray of strictly bed patients must be checked after it is 
returned and, if it is foxmd that insufficient amoimt of food was 
ingested, the patient should be given enough carbohydrates; 4, 
insulin must be discontinued in case of an urticarial reaction, while 
it may be continued in patients who react with an indurated swelling 
at the site of injection because these patients, usually, become 
desensitized spontaneously; 5, the injections should be discontinued 
if there is no favorable response in 2 weeks. 

Summary. Observations on the effect of insulin in 43 non-dia- 
betic patients vdth active, moderately and far advanced pulmonary 
tuberculosis are presented. Insulin therapy was found to be of 
value in that it improved the appetite in 19 (79.1%) of the 24 
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moderately advanced cases and in 11 (57.8%) of the 19 far-advanced 
cases. It increased the weight in 13 (54.1%) 'of the moderately 
advanced and in 9 (47.3%) of the far-advanced cases. 
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Fred H. Heise, M.D., 

MEDICAL DIRECTOR, TRUDEAU SANATORIUM, TRUDEAU, N. Y, 

Liver damage varying in type and extent has been frequently 
noted at the autopsy table in patients dying of pulmonary tuber- 
culosis. Two of us have shoivn^ that if a variety of the currently 
accepted tests of liver function are used, this liver damage may be 
demonstrated during life in a high percentage of very ill patients 
with advanced disease. During the course of these studies we found 
the cinchophen oxidation test of hepatic function (Lichtman) to 
be tlie most sensitive; at least it gave the largest number of positive 
results among the liver function tests used by us. 

Having demonstrated the frequency of liver damage in advanced 
disease, the question arose as to how frequently disturbance of liver 
function occurred in other types of our patients. 

The incidence of liver function disturbance as demonstrated by 
the cinchophen oxidation test was determined in 1.15 consecutive, 
unselected patients admitted to the Trudeau Sanatorium. An 
attempt was also made to correlate liver function disturbance with 
the activity, extent and character of the pulmonary tuberculosis. 
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studying the sjuuptoms of the patient, the Roentgen ray film, the 
leukocji:ic reaction accordmg to Lledlar’s comit and the blood 
sedimentation rate. 

Briefly, the cinchophen oxidation test consists in feeding the 
patient 0.45 gm. of cinchophen and determining colorimetrically 
the output of oxj^cinchophen in the urine. According to Licht- 
man-* 100 mg. or less of oxjminchophen are excreted in the urine 
of normal subjects. AYhen an amount in excess of 100 mg. is found 
in the urine, liver insufficiency is considered to be present, higher 
figures indicating greater insufficiency. We have had almost no 
experience with this test other than vdth tuberculous patients, and 
therefore accept the status of the test as it appears in the literature. 

Incidence. The incidence of hepatic insufficiency in this group 
of cases was very high. Among 24 cases classified minimal-A 
(American Sanatorium Association), 22 excreted more than 100 mg. 
of oxycinchophen, the average being 211 mg. Among 72 patients 
classified moderatelj’’ advanced-A, 68 excreted more than 100 mg., 
the average being 194 mg. Ten patients classified far-advanced-A, 
all excreted more than 100 mg. Of 3 patients classified far-advanced- 
B, 2 excreted more, and 1 less than 100 mg. The far-advanced 
patients excreted an a^'•erage of 207 mg. Thus 91 % of minimal, 94% 
of moderately advanced and 92% of far-advanced cases showed e^d- 
dence of hepatic insufficiency as determined by the cinchophen test. 

Relation of the Cinchophen Oxidation Test to the Activity of the 
Disease. An attempt was made to correlate the degree of insuffi- 
ciency, as indicated by the amount of oxj’^cmchophen excreted, witli 
other factors which have been fomid useful in the evaluation of 
activity of pulmonary tuberculosis. 

Clinical Symptoms. Patients are regarded as symptomatically 
active or inactive largely on the basis of pulse and temperature, 
although when these are normal a patient is sometimes regarded as 
symptomatically active when he has marked fatigue or other sjonp- 
toms. The symptomatically active patients in this series excreted 
an average of 210 mg. of oxycinchophen; those sjunptomatically 
inactive an average of 194 mg. 

Roentgen Film. The activity of the disease was estimated on the 
basis of the first Roentgen ray film taken on admission. The patients 
whose films were interpreted as active excreted an average of 195 mg. 
Those whose films were interpreted as inactive excreted an average 
of 205 mg. 

Patients whose disease was regarded as exudative on the basis of 
the Roentgen ray film excreted an average of 200 mg., while the 
excretion of the proliferative group averaged 194 mg. Yffiile the 
exudative group excreted a somewliat larger amount of oxj'cincho- 

* Wc are indebted to Dr. Lichtman for aid, suggestions, and friendlj" criticism 
both by correspondence and on the occasions of his ^■isits to our laboratory. 
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plien, there were striking individual examples of very low excretion 
with exudative disease, and very high excretion with proliferative 
disease. 

Blood Sedime 7 itation Rate. The sedimentation rate (Cutler 
method) was regarded as active when above 8 mm. in men and 
above 10 mm. in women. Patients with an active sedimentation 
rate excreted an average of 205 mg.; those with an inactive sedimen- 
tation rate an average of 193 mg. 

Lenkocyte Count Patients with a normal count excreted an 
average of 193 mg., those with a resistant count 197 mg., and those 
with a hyperplastic count 115 mg. As only 3 patients fell into the 
last group, this figure has little significance. Patients with a septic 
comit excreted an average of 202. mg. of oxycinchophen. 

It is apparent that there is little variation in the amount of oxy- 
cinchophen excreted by individuals in the active and inactive groups, 
judged by any of these criteria. Furthermore, a few cases were also 
noted in which there was marked activity of the disease and a normal 
excretion of oxycinchophen and vice versa. 

Comment. If the cinchophen oxidation test is to be relied -on, 
it is apparent that hepatic insufficiency occurs in a very high per- 
centage of all types of pulmonary tuberculosis. In an effort to 
determine the duration of this insufficiency and its relationship 
to the clinical course of the diseases, the test is now being repeated 
periodically on a group of patients. 

An attempt to correlate the activity of the pulmonary tubercu- 
losis with the excretion of oxycinchophen has been disappointing 
and it is apparent that this test is not equal in practical clinical 
value to other accepted criteria of activity. The results suggest that, 
even though the foci of pulmonary tuberculosis may become clini- 
cally quiescent, secondary functional or organic hepatic changes 
may persist indefinitely in many patients. We hope to acquire more 
definite information on this point during studies which are now 
m progress. 

There may be unknovm factors involved in tuberculosis that 
cause the abnormal oxidation. Apparently mechanical factors, such 
as the volume of diseased lung or the presence of pneumothorax, 
have no important influence on the oxidation of cinchophen. 

Conclusion. Hepatic insufficiency, as indicated by the cincho- 
phen oxidation test of hepatic cell function, occurred in more than 
90% of a group of consecutive unselected patients with pulmonary 
tuberculosis admitted to Trudeau Sanatorium, 
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GAUCHER’S DISEASE. 

Report of a Case With Presentation of a Table Differen- 
tiating THE Lipoid Disturbances. 

By Aaron Capper, M.D., 

ASSOCIATE PEDIATRIST, 

Herman Epstein, M.D., 

ASSISTANT PEDIATRIST, 

AND 

Robert A. Schless, M.D., 

CHIEF PEDIATRIST, JEWISH HOSPITAL, PHILADELPHIA, PA. 

(From the Pediatric Service of Dr. Robert A. Schless, Jewish Hospital.) 

Several reasons prompt us to report the following case of 
Gaucher’s disease. 1, The number of authentic cases reported is 
still sufficientlj’’ small to warrant placing an additional one on 
record; 2, an error in the diagnosis made during the earlier admission 
of this girl makes it important to stress that point in order to prevent 
its repetition; 3, this patient’s condition since she was subjected to 
splenectomy is instructive; 4, microincineration of sections of the 
spleen has not been done heretofore in this disease; 5, the results 
of the chemical examination of the spleen for kerasin are worth 
noting. 

Gaucher’s disease is generally understood not to be hereditary in 
character, and thus far Anderson ’s‘ is the only hereditary case that 
has been reported. It is now regarded as a congenital, primary and 
familial constitutional disease in which the lipoid kerasin, belonging 
to the cerebrosids, is stored in foam cells, measuring usually 20 to 40, 
and occasionally up to 100 microns in diameter, the so-called 
Gaucher cells; these, according to Pick,^ are derivatives of the retic- 
ulum cells (especially so in the spleen) and they invade the spleen, 
liver, lymph nodes, and bone marrow and, if the disease occurs 
in infancy, also the thjnnus, tonsils, lymph tissue of intestines, 
lungs, and even the cerebral cortex. The substance kerasin, the 
chemical formula of which was given by Rosenheim-* as C47H91NO8.- 
H2O, is a compound having properties verj”^ similar to phrenosin, and 
accompanies phrenosin in tissues of the nervous system, both con- 
stituting a cerebrosid or glycolipin. On acid hydrolysis, kerasin 
yields lingoceric acid (C2.1H48O2), sphingosin and d-galactose. 

Gaucher’s disease shows a particular predilection for indi%'iduals of 
the Jewish race. It is more common in females, occurring in tlie 
proportion of about 2 to 1. It is characterized bj" a slow and 
insidious onset, a gradual enlargement of the spleen, followed later 
by an increase in the size of the liver. The patient develops a hypo- 
chromic anemia, thrombopenia, and a leukopenia, due to infiltra- 
tion of the bone marrow by foam cells. Hemolysis is an additional 




Fig. 1. Note the Erlenmeyer-flask appearance of lower ends of both femora. 
Iiregularity of cortex probably due to previous operations. Areas of osteolysis are 
also characteristic of Gaucher’s disease. 


Fig. 2.— High power: Section ol spleen shows nests of large Gaucher cells possess- 
ing eccentric nuclei and considerable clear protoplasm. Most of the cells possess 
one nucleus: a few are multinucleated. Cells are fairly uniform in size. They are 
surrounded by connective tissue. 



Fig. 3. — Section of splenic tissue after microincineration. Note the normal 
amount of inorganic material in the cj'toplasm of the Gaucher cells and the high 
concentration of ash in the peripheral zone of the nuclei. 
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factor in the production of anemia. Enzer,^ in the- discussion of 
Anderson’s case, says that leukopenia is not necessarily characteris- 
tic and essential for the diagnosis; he saw 3 cases of Gaucher’s 
disease which showed a rather marked leukocytosis. About ^ of 
the patients' develop pigmentation of the exposed skin, which depends 
upon the hemosiderin liberated as a result of increased blood destruc- 
tion. A prominent and supposedly characteristic finding mentioned 
by many authors is' the yellow-wedge-shaped pinguecula of the 
sclera or conjunctiva. It appears now that this sign is not present 
as frequently as had been thought, occurring in only 14 out of 89 
cases summarized by Hoffman and Makler.® It is even less common 
in children; present in only 10% of cases. The large spleen may 
be found only accidenta,lly in the course of a general examination, 
as in our case. The patient may complain of a variety of symptoms 
related to the osseous system. Some may only have vague pains 
in the limbs or joints, giving rise to the diagnosis of “growing pains,” 
or, as in the case of Milch and Pomeranz,® to “rheumatism.” In 
others the pain may be acute and violent, and lead to the mistaken 
diagnosis of acute osteomyelitis, as was true in our case, in an addi- 
tional one reported by Milch and Pomeranz,® and in 1 of the 2 cases 
reported by Potter and McCrae.'' This tenderness or pain in the 
bones is probably due to the increased subcortical pressure caused' 
by the infiltrating masses of Gaucher cells. In some patients the 
only complaint is that of pain or tenderness iii the region of the 
spleen, or the patient’s attention is dranm to the enlarged abdomen. 
When the blood platelets fall to a sufficiently low number there 
frequently ensue blood extravasations into the skin or mucous 
membranes, although there is no direct proportion between the 
number of platelets and the bleeding phenomena. In our patient, 
purpuric spots did not appear on the face, forearms, and conjunc- 
tivsE until the platelets dropped to 40,000 ; and yet, on a later occasion, 
when they were 29,400, she had no hemorrhages. 

Gaucher’s disease does not produce cerebral symptoms except in ■ 
infancy, when various neurologic findings may predominate, thus 
simulating Niemann-Pick’s disease. Oberling and W^oringer® 
refer to the syndrome of opisthotonos, spasticity, strabismus, and 
nuchal rigidity in infancy as “progressive decortication.” Mon- 
crieffa reported this syndrome in a 10-week-old infant. These 
cerebral manifestations are probably due to the infiltration of foam 
cells in the cerebral cortex and other parts of the brain. 

We offer the following table of tlie knovm diseases of lipoid metab- 
olism, to delineate the similarities and contrasts of these disturb- 
ances related to Gaucher’s disease. 

Case History. — M. K., Jewish girl, aged 10 years, was first admitted on 
Maj’’ 1, 1929, at the age of 6, years. Her past medical history is negative. 
Her father, mother, 3 brothers and 1 sister w^ere examined for Gaucher’s 
disease and found to be negative. The chief complaint on admission, was 
pain and swelling of the right thigh just above the knee of several days’ 
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duration. Her temperature was normal and rose to 100.8° 2 days following 
operation, when it again dropped to normal and remained so until her dis- 
charge. The right femur was trephined, free “pus” obtained, a dram 
inserted and Dakin solution dressings apphed. The wound healed in 3 
weeks. It should be noted at this time that the smear's and culture of the “pus” 
obtained were negative. Her next admission was over a year later, on May 
17, 1930, because of pain in the center of the left thigh, wliich began 24 hr. 
previously. The temperature was 100.2°. The Koentgen ray of the left 
femur showed a shght irregularity of its shaft, just below the middle third, 
vdth some decalcification just above the knee joint. A diagnosis of acute 
osteomyelitis of the left thigh was made and the femur was trephined and 
drained. The exxidate at operation was gummatous in character, and a smear 
and culture were negative. Eight days after operation, when her wound was 
still draining and her temperature was elevated to 100.2°, her wliite cell 
count was 6000, the first report of a leukopenia. She was discharged as 
cured on June 6, 1930. 

Her 3d admission took place on July 8, 1930, 1 month later, because of 
redness, swelling, and tenderness of the left femur over the scar of the pre- 
vious operation. Her temperature was 100° F., and the white cell count was 
only 6000, again a leidcopenia. The meduUary cavity of the left thigh was 
curetted, and a sequestrum removed. She was given a blood transfusion 
of 125 cc. On August 12, 1930, it was discovered by one of us that the 
spleen was very much enlarged, reaching down to the pelvic brim. The 
liver was increased in size, though not as much as the spleen. Although 
this was the first time that the enlarged spleen and liver were noted, it is 
probable that they had been so for some time, but were overlooked on 
account of the concentrated attention on the lower extremities. Th'e nurses 


remarked that the patient’s abdomen had been unduly prominent for some 
time. The mother later stated that the patient always had a definitely 
prominent abdomen. At thig time on account of the liistory of osteomyelitis, 
a pecuhar waxy pale complexion, a hemoglobin of 31 %, continuous albu- 
minuria and a complicating diarrhea together vdth the splenomegaly, a 
provisional diagnosis of amyloidosis was made. On August 14, 1930, the 
roentgenologic examination showed small areas of decalcification with a 
slight widening of the diaphysis near the knee-joint, which were interpreted 
as being the result of a chronic osteomyelitis. The right humerus, lumbar 
vertebriE and sacroiliacs appeared normal. Her 4th admission on August 
13, 1931, was for the purpose of draining a superficial abscess of the left 
thigh. 


Her fifth admission on October 3, 1931, was for the purpose of determining 
the cause of the splenomegaly and anemia. Her general physical condition 
was unchanged. She was pale and there was no definite pigmentation 
except that her face showed elements of pigment, reminding one of the 
facies of_ a pregnant woman, the so-called “chloasma uterinum.” The 
conjunctivffi showed no pigmentation. The Mantoux test was negative. 
Ihe two significant findings at this time were the leukopenia, 6500 white 
cells on October 5, 1931, and the tlmombopenia, 50,000 platelets on October 
G, and 55,000 3 ,d^3’’S later. This was the first time that a tlvrombopenia 
was found; Gaucher’s disease was suspected and a splenic puncture advised. 
I he p^ents refused permission for the procedure and the patient was dis- 
charged 1 / days after admission. Her 6th admission on May 27, 1932, was 
purpose of curetting a sinus in the left leg. 

The Jth time she came in on January 7, 1933, because the spleen was 
slovly increasing m size. The upper border of the fiver was found by per- 
cussion m the 4th interspace, while the lower border was 11 inches below 
the costal margin. The upper border of the spleen was at the 5th rib in the 
axillary line, the lower border was 2 inches below the crest of the ilium, and 
1 1 C right border reached to the midfine. It was not tender on palpation. 



Table 2. — Blood Studies in a Case op Gaucher's Disease (4J Years). 
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A uroselectan test showed a first degree hydronephrosis of the left kidney, 
which was confirmed by the urologist on cystoscopic examinatm, and was 
thought to be due to mechanical pressure by the large spleen. On January 
24 for the first time, numerous purpuric spots appeared on tlm face, lore- 
arms and conjunctivse. The tourniquet test was positive. The platelet 
count fell to 40,000. The next day, purpuric spots appeared on the lower 
extremities. These graduaUy cleared even though tlm platelets subse- 
quently fell to 29,400. The eye grounds were nomal. The roentgenologic 
examination of February 1, by Drs. Leon Solis-Cohen and Samuel Bruck 
revealed in the femora “a typical Erlenmeyer-flask-hke appearance, due to 
vndening of the shafts at their distal portions and a narrowing at the junc- 
tion of their middle and lower thirds; findings characteristic of Gaucher s 
disease. The normal flaring observed at the femoral condyles was absent. 
In support of Gaucher’s disease there was also a slight sclerosis of the Imad 
of the tibia and the presence of transverse growth lines in the fibula. The 
other long bones and the vertebral column showed no abnormahties. 

She was subjected to splenectomy (Dr. Moses Behrend) on February 11 
for several reasons. (1) The large spleen was becoming burdensome, (2) 
The pressure exerted on the left ureter was apparently causing hydronephro- 
sis. (3) It was felt that the bleeding phenomena and the low platelet count 
could best be controlled by removal of the spleen. (4) Due to the downhiU 
course of the patient it was decided to operate while she was still in good 
condition. The large spleen was found to be free from adhesions and was 
removed without difficulty. A blood transfusion of 225 cc. was given inme- 
diately foUomng operation. A fresh smear of splenic tissue was examined 
by Dr. Edward Steinfield; it was found to contain typical foam cells which 
were very numerous, occupying most of the tissue. Within 24 hr. after 
splenectomy, the platelets rose to 177,000 and in another 24 hr. to 1,238,000. 
On February 28, 3 days before the patient was discharged, the platelets were 
277,300 and the white count was 12,000. She made an uneventful recovery 
and was discharged in good condition. 


Table 3. — Other Laboratory Studies. 


imii^ssmi 

Blood 

"Wassermann. 1 

Blood 

cholesterol. 

Blood chemistry. 

Special. 






Aug. 16, 1030 


166 mg. 

1 

Non-protein nitrogen 25 
Serum albumin . 3.5 

Serum globulin 2.6 

Total protein 6.25 1 

Urine — ^Faint trace albumin, 
Bp. gr. 1010-1036, 1-6 
W. B. C. per low-power 
field. 

Oct. G, 1931 ' 


131 mg. ' 

Blood sugar 91 1 

Urea 17 

Non-protein nitrogen 26 
Serum albumin 5.6 

Scrum globulin 2.0 

Total protein 7.6 

Icterus index, 5.0. 

Direct Van den Bergh ncg. 
Indirect Van den Bergh 0.1. 

Stool negative for occult 
blood, ova and parasites. 

Ja'a. 30, 1933 

P. S. P. 1 

First specimen 30% 
Second specimen 35%' 

147 mg. 

1 


Galactose test: 

First — SS cc.l 

Second — 205 cc.l 

Third — 20 cc.l 1.7 gm. 
Fourth— 185 co,[ 

Fifth — 215 cc.) 

Feb. D, 1933 

1 

1 


Icterus index 13.8. 

July 25, 1933 

Tj-pe IV blood 1 

142 mg. 1 

^ ^ i 

Blood sugar 84 

Urea 9 

C/nne— Trace of albumin to 
none, sp, gr. 1008-1036. 
Double refractive _ bodies 
absent. 

1-10 W. B. C. per^low- 
povrer field. 


The chejiucal txatnination o[ the spleen revealed 6.02^^ content of kerasin. 
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On Jul}’^ 23, 1933, she was admitted for the Sth time on account of a super- 
ficial abscess of the soft tissues of the left tliigh, wliich was incised and 
drained. jNTo involvement of the periosteum or the shaft of the bone was 
noted. The cliild had grown considerabl}’- and improved markedly in healtli 
since the splenectomy. She had gained 15 pounds in weight. 

Pathologic Report (Dr. Samuel Levine). Gross Description. “The 
spleen weighs 1400 gm. The capsule is thickened, having a morocco-leather 
appearance. The splenic notches are weU preserved. On section, the 
spleen appears very dense in consistency and fleshy in te.xture. It is deep 
red in color. Numerous light-grayish specks are noted; the follicles are 
not easily made out and the splenic pulp presents tliroughout a fine retic- 
ulum of gra 3 dsh strands. The vessels were injected with formalin to pre- 
serve the vascular architecture." 

Histology. “A section of the spleen shows destruction of the greater 
part of the lymph follicles. The sinusoids are occupied by a large number 
of Gaucher cells having an alveolar arrangement. The cells lie in close 
proximity to the red blood cells of the splenic pulp. The cells vary in size 
and shape. Some are oval, others are compressed and elongated, and still 
others are circular and po^^gonal in shape. The majorit 3 >- of the cells have 
a single nucleus, which is fairly well defined and eccentrically located. The 
cjdoplasm is acidophilic and homogeneous in character. A few of the cells 
are multi-nucleated. Some of the Gaucher ceUs contain vacuoles. The 
staining property of these vacuoles serves to differentiate them from histio- 
cjdies. Some of the nuclei contain striations running a parallel course. On 
transverse section to the longitudinal diameter of the cells, these striations 
appear as stipples. The spleen is loaded with Gaucher cells which occupy 
a major portion of the organ." 

Microincineration studies of the spleen were carried out for us by Dr. 
Esmond R. Long'“, in order to determine whether a corresponding accumula- 
tion of inorganic material accompanies that of the cerebrosid kerasin. “In 
general, the Gaucher cells were found to have a high content, of ash in the 
nucleus and a low content in the c 3 i;oplasm as illustrated in the accompany- 
ing figure. Most investigators who have reported on incineration of tissues 
have called attention to the nuclear ash. In the studj'- here reported the 
same peripheral distribution of ash was noted as described by Scott and 
Horning" in the nuclei of tumor cells and by Cowdry" in the nuclei of liver 
cells in yellow fever. The nucleoli conspicuous in the sections stained vdth 
hematoxylin and eosin could also be observed in the ashed specimens, al- 
though not with regularity. 

“There was nothing distinctive in the distribution of the ash in the cyto- 
plasm. Iron salts, which can be recognized by their color in ashed sections, 
were not obsvered. Degenerated cehs, poor in material ivith staining affin- 
ity, were also poor in ash, and the large vacuoles. characteristic of these cells 
in the usual preparations were seen in the corresponding incinerated cells. 
The appearance of the erjdhrocj’^tes (accompanying figure) was characteris- 
tic. The ash was concentrated at the peripheral border. Presumably this was 
an artefact caused by the fixation and dr 3 dng of the specimen. However, 
the peripheral distribution of ash was as marked as that in the nuclei, and 
if one is an artefact of fixation, the question is properly raised whether the 
other is not also. The total ash of a specimen from this case, incinerated in 
a crucible, was 27 % of the drj^ weight. This maj" be compared vith the 
figure of 15% of the moist weight, or approximately 6% of the dry weight, 
commonty given for the normal spleen.^ The incineration study furnishes 
the explanation for this decrease in ash per unit of weight. The ash is 
concentrated in the nuclei, and nuclei are present in much larger numbers 
per imit of volume or of weight in the normal spleen than in the spleen in 
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Gaucher’s disease, the bulk of wliich is largely due to the cytoplasm of 
Gaucher’s cells or cerebrosid cells, wliich is relatively poor m mineral 

Chemical Examination. The spleen was examined by Dr. John G. 
Reinhold and found to contain 6.02% of the dried spleen; this is now con- 
sidered to be quite distinctive of Gaucher’s disease. The figure of 6.02% 
really represents a minimal amount, for it was obtained after the recrystal- 
lizing of the chemical material 2 times. Kerasin may make up as much as 
10% of the dried spleen, and in one of Cushing and Stout’s^'* cases, the crude 
cerebrosid made up almost 16 % of the alcohol extract. The average amount 
of kerasin in Gaucher’s disease reported by most investigators falls within 
the percentage content found in our case. Phrenosin was also found to be 
present. 

Comment. There are a number of features in this case that 
deserve special emphasis and discussion. In the first place the 
question naturally arises, did this child have osteomjmlitis and then 
develop Gaucher’s disease, or were her bone affections due to 
Gaucher’s disease primarily? It will be noted that, except for the 
white cell comits on May 1 and 17, 1929 (15,500 and 9220), she 
exhibited a leukopenia on practically all other occasions, in spite 
of the fact that she was supposedly suffering from an acute infectious 
and pyogenic process. At no time did she really show a septic or 
even higli temperature. On several occasions she had a normal 
temperature in the presence of pain and swelling of the thighs; 
and on none of her admissions on account of “acute osteomyelitis” 
was she toxic. It will be recalled that at the first two operations on 
the right and left femora the smears and cultures were negative, a 
finding not expected in acute osteomyelitis. Furthermore, the 
surgeon noted that the exudate on her 2d admission was gummatous 
rather than purulent, suggestive of Gaucher material. On her 3d 
admission (August 14; 1930), the rqentgenologist already noted a 
"slight widening of the diaphysis near the knee-joint,” apparently 
the beginning or’first stage of the characteristic "Erlenmeyer-flask- 
like formation.” For the above reasons we believe that this patient 
did not originally suffer from acute osteomyelitis, but that her 
symptoms were due to Gaucher’s disease.. Due to operative inter- 
vention, pyogenic organisms were introduced from without, leading 
to secondary bone infection wdth its subsequent sequestrum forma- 
tion. It is interesting to remark that in our case the leukopenia 
preceded the thrombopenia by 16 months. Also, almost If years 
elapsed between the first finding of a low platelet count and the 
appearance of hemorrhagic phenomena. It is also worth noting 
that hemorrhages did not occur until the platelets fell to 40,000. 

Realizing that splenectomy in Gaucher’s disease is attended by a 
20% mortality, we naturally hesitated to advise operation. Our 
reluctance wns further enhanced by Pick’s" observation that the 
bones may become more intensely affected following splenectomy. 
Hon ever, in view of the sudden change in the child’s condition, the 
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slight increase in the size of the spleen, the hemorrhagic phenomena, 
and the continued decrease in platelets, operative interference was 
deemed a measure of necessity. The splenectomy brought about 
a normal blood picture and relieved the child of a burdensome 
abdominal mass which was beginning to cause harmful pressure on 
the left ureter. The removal of the spleen also improved the child’s 
general health, as she has gained 15 pounds in the months sub- 
sequent to operation. In order to observe whether any changes had 
occurred in the long bones since the removal of the spleen, we sub- 
jected the patient to another roentgenologic study on October 8, 
1933. Dr. Leon Solis-Cohen reported no change in the osseous 
system since the last films were taken, 8 months previously. 

We see therefore, that thus far the splenectomy caused no dele- 
terious effect in the osseous system and that it produced a general 
physical as well as hematologic improvement in her condition. It is, 
of course, to be remembered that this is a general metabolic disease 
in which many organs are involved. It is hardly to be expected 
that the removal of the spleen should effect a cure. The best that 
can be hoped is a symptomatic improvement and, by removing a 
large store of Gaucher cells, perhaps temporarily to arrest the course 
of the disease. 

Summary. 1. A case of Gaucher’s disease in a Jewish girl is 
reported that was originally diagnosed as acute osteomyelitis because 
of the predominance of bone symptoms. 

2. Blood coimts over a period of 4.5 years showed that leukopenia 
preceded thrombopenia by about 16 months, and hemorrhagic 
phenomena did not occur until the platelet count fell to 40,000. 

3. Splenectomy produced a cessation of bleeding and persistently 
normal platelet and white cell coimts. The patient gained in weight 
and improved generally. Thus far, 8 months since splenectomy, 
there is no clinical or roentgenologic evidence of progression of the 
disease. 

4. The chemical examination of the spleen showed 6.02% of 
kerasin. 

5. Microincineration studies showed a decrease in ash per unit 
of weight, the Gaucher cell cytoplasm being relatively poor in min- 
eral matter. 

6. A chart is appended illustrating the similarities and contrasts 
of Gaucher’s disease with the other diseases due to disturbances in 
lipoid metabolism. 
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AETHRITIS, ANABOLIC NUTRITION AND HEALTH. 

A Study of the Nourishment and Health of Joints. 

By Francis Lowell Burnett, M.D., 

AND 

Frank Roberts Ober, M.D., 

BOSTON, MASS, 

(From the Health Class for Arthritis at the Peter Bent Brigham Hospital.) 

Arthritis, the Anabolic Processes and Cell Regeneration. A failure 
of nutrient substances to construct or preserve normal bone and 
cartilage, i. e., a metabolic disorder, has been often considered as 
the cause of arthritis. Perhaps the atrophy of bone in one type 
and the loss of cartilage and growth of osteoid tissue in the other 
tj^pe of the disease found by Nichols and Richardson’^ are chiefly 
responsible for this point of view; because in their basic study 
“faulty metabolism” is favored as the etiologic agent. This Idnd 
of malnutrition from gastro-intestinal disturbances may cause the 
lesions; for instance, Minot^ writes that “little is known concerning 
the difficulties of absorption and utilization of food products from 
the digestive tract and regarding what particular food factors may 
improve gastro-intestinal function. . . . It is probable that 
significant degrees of such disturbances may arise in arthritis and 
be overcome by well-chosen diets.” Some of these disturbances 
may be corrected by the diet of Fletcher and Graham;^ for, with 
the consequent improvement in haustral action, the improved 
colonic functions appear to favor the nourishment of the joints. 
In other treatments for this disease, however, as the doctor generally 
gives dietary directions or patients themselves correct erroneous 
ways of eating, health is sometimes restored. The result may 
easily then be ascribed to a natural remission, the administration 
of drugs, the use of baths, the manipulations of posture, or the 
injections of proteins or vaccines, if the beneficial effects of right 
eating and improved absorption on health are not recognized. 

Variations in the consumption of food evidently influence its 
absorption. For by the correction of certain erroneous ways of 
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eating and living with better functioning of “the secondary digestive 
pouch”— the proximal colon— the intestinal contents are finally 
molded into uniform and firm segments, and thus, the absorption 
is improved^ (Fig. 1.) The results of this action,' by the for- 
mation of the entirely segmented or normal feces, are shown in 
Fig. 2. Such a molding of the colonic contents produces not only 
these feces but also the normal intestinal rate.* Together these 
indices signify the complete digestion and absorption of food. 
Then, if nutrition is defined as the sum of the processes by which 
an animal absorbs food, and assimilation is the most important 
phase of the process," the operation of the proximal colon evidently 
creates a better kind of tissue construction. Since this process 
suggests improved assimilation, it has been called “anabolic nutri- 
tion.”*’ In the application of this kind of nutrition to the treatment 
of disease, a morbid process causing a deficiency or metabolic dis- 
order appears to be replaced by a vital process restoring a state of 
health. The effect of this change on a superficial tissue may be 
seen by a comparison of the psoriatic lesions shown in Fig. 3 with 
the healthy skin of the same person shown in Fig. 4. Such a regen- 
eration of cells following the establishment of anabolic nutrition 
has relieved this disease in a sufficient number of patients to 
indicate that spontaneous remissions are not being dealt with.’^-® 
As psoriasis is sometimes associated with and is often followed by 
arthritis, it is suggested that both diseases may be due to malnutri- 
tion from the passage of nutrient substances through the digestive 
tract instead of into the body. The results of malabsorption in 
deficiency diseases has been pointed out by Burnett and Howe.'* 
Of interest also, in the treatment of arthritis as a deficiency disease, 
is the regeneration of bone cells to relieve experimental scurvy 
described by Wolbach and Howe.*** They write that during the 
disease “the osteoblasts .... assumed the shapes of fibroblasts” 
.... but “the administration of orange juice .... was 
followed promptly by the deposition of bone matrix between the 
fibroblast-like cells.” Finally, the arthritic-like lesions produced in 
guinea pigs from a scorbutic diet alone, and from this diet and an 
infection, by Rinehart, Connor, and Mettier,“ still further confirm 
the metabolic theory of arthritis. 

The Creation of Anabolic Nutrition and the Treatment of the Joints. 
To remove the cause of the arthritis through anabolie nutrition, 

* The intestinal rate is an index of absorption, by which the contribution of one 
meal to the construction of the body is determined. To make the test, from 25 to 
50 cc. of French millet seeds or 100 gr. of charcoal are swallowed immediately after 
an evening meal, and then the number of hours that elapse from the time the marker 
was ingested to the time the seeds dr charcoal are first and last seen in the dejections 
is obsor\-ed. In adults producing segmented feces, 1 and 2 dejections are common 
daily, yet the mhrked meal takes about 62 hrs. to appear in, and 134 hrs. to disappear 
from the feces. This rate is considered normal. (Burnett, F. L.; Am. J. Roent- 
genol., 10, 359, 1923.) 




Fig. 1. — A roentgenogram of the large intestine after a barium meal, showng 
outlines of the “digestive pouch” formed by the proximal colon and of the uniform 
masses of the segmented feces in the distal colon. 



Fig. 2. — The entirely segmented or normal human feces wdth which the normal 
intestinal rate is correlated. Together these indices signify complete digestion and 
absorption (“anabolic nutrition”). 




Fig. 3. — The skin of a patient with severe psoriasis. 



Fig. 4.— The regenerated and healthy skin of the same patient after many months 
of anabolic nutrition from the correction of erroneous ways of eating. 




BURNETT, OBER: ARTHRITIS, ANABOLIC NUTRITION AND HEALTH 95 

patients are educated to eat and live in order so to operate the 
proximal colon that entirely segmented feces and normal intestinal 
rates are produced. Also, as the digestive fluids are likely to be 
impotent in these deficient patients, the administration of dilute 
hydrochloric acid (U.S.P.), gastric enzymes, and enteric-coated 
pancreatic preparations may be beneficial. Injections of insulin in 
abnormally lean patients are sometimes helpful, finally, as it 
takes months and years of anabolie nutrition to overcome the very 
deficient condition in these patients, constant encouragement to 
progress from a state of chronic invalidism and to become more 
active is very essential. Indeed, this psychologic form of treat- 
ment is so important that other forms of therapy, if they do not 
interfere with the nutrition, may be applied to some patients with 
profit. 

To find out the causes of malabsorption, a detailed inquiry into 
patients’ ways of eating and living is made. Of 30 patients ques- 
tioned in this way, 19 were found to eat too fast; 17 took laxatives, 
oil, or enemata regularly; 10 habitually ate cakes, crackers, fruit or 
candy between meals or before going to bed; 5 ate dinner at noon; 
8 ate an excess of breads, cakes, crackers, and other cereal foods; 
6 consumed too much protein food; 5 were too fond of fat food; 
and 19 had an irritable colon and rapid intestinal rate from too 
much fruit, especially oranges and grapefruit. And most of them 
ate insufficient vegetables. These erroneous ways of eating caused 
diarrhea or soft stools; but very obvious signs of indigestion were 
often revealed by the chemical and microscopic examination of 
patients’ feces. In these tests, poor fat digestion was the most 
common, starch the next, and protein the least. Some of the stools 
had an acid reaction to litmus, which was changed to alkalin by 
treatment. Details of these and other changes in the colonic con- 
tents from the correction of erroneous ways of eating are shown in 
Table 1. 

To create anabolic nutrition, patients are taught, from illustra- 
tions of the segmented, formed and soft tjqies of the feces and from 
diagrams and roentgenograms of colonic action, the relation of the 
fecal specimens and colonic functions to the operations of the 
nutritive apparatus. They are also given printed outlines which 
describe the purpose and amplify the directions of the treatment 
and are shown a form to follow in keeping a record of nutrition. 
At the top of these records, preliminary directions, such as “eat 
slowly and only at meal times,” and other health measures are 
m-itten out. Patients then record the food, beverages (except 
water) and medicines ingested, the time spent at. meals, the time 
and kind of dejections, and determinations of the intestinal rate 
for a week, and then return Avith records. Part of a patient’s 
first record of nutrition is often similar to Record 1. 
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Table 1. — The Change Phoduced by Anabolic Nutbition in the Intestinal 
Rate, Form and Reaction of the Feces, and the Digestion 
OF A Few Patients. 


Initials of 
patient. 

Dates of 
exam- 
ination. 

Intestinal 
rates 
in hours. 
^Without 
laxatives. 

Examination of feces. 

Form. 

Hcaction 
to litmus. 

Protein. 

Dipestion of 

Fat. Starch. 

B. B. A. 

9/30/31 

13-85 

Soft 

Acid 

Fair 

Poor 

V. poor 


10/14/31 

34-108 

Formed 

Alkalin 

Good 

Poor 

Poor 

L. G. B. 

10/24/31 

14-60* 

Soft 

Alkalin 

Good 

Poor 

V. poor 


12/15/31 

37-108 

Formed 

Alkalin 

Good 

Fair 

Fair 

M. B. C. 

3/19/30 

14-108* 

Soft 

Acid 

Fair 

Poor 

B9H 


12/14/30 

03-1.34 

Normal 

Neutral 

Good 

Fair 

If 


6/30/31 

30-86 

Formed 

Alkalin 

Fair 

Fair 

1 

l£ ^^1 

G. S. C. 

12/4/30 

12^2 

Soft 

Acid 

Fair 

Poor 

Fair 


1/5/31 

19-07 

Formed 

Neutral 

Good 

Fair 

Poor 


5/4/31 

14-87 

Formed 

Alkalin 

Good 

Fair 

Poor 


11/9/31 

37-135 

Normal 

Alkalin 

Good 

Fair 

Fair 

A. M. C. 

7/21/31 

30-63* 

Soft 

Alkalin 

Good 

Poor 

V. poor 


8/11/31 

62-80 

Soft 

Alkalin 

Good 

Poor 

Fair 


1/13/32 

39-135 

Formed 

Alkalin 

Good 

Poor 

Fair 



63-109 

Soft 

Acid 

Good 

Poor 

Fair 

■■ 

luttll 

38-110 

Formed 

Neutral 

Good 

Fair 

Fair 

C. H. F. 

6/29/31 

45-85 

Formed 

Alkalin 

Good 

Fair 

Poor 


12/14/31 

43-119 

Formed 

Alkalin 

Good 

Fair 

Poor 

I. C. H. 

12/10/29 

14-62* 

Soft 

Acid 

Fair 

V. poor 

Poor 


3/ 7/30 

20-74 

Soft 

Neutral 

Good 

Fair 

Poor 


5/16/30 

45-156 

Normal 

Alkalin 

Good 

Good 

Fair 


10/22/30 

37-132 

Normal 

Alkalin 

Good 

Fair 

Fair 

G. L. 

1/15/30 

26-50 

Soft 

Neutral 

Good 

Poor 

Fair 


2/ 6/30 

36-110 

Formed 

Alkalin 

Good 

Fair 

Good 


12/27/30 

36-110 

Formed 

Alkalin 

Good 

Fair 

Fair 

E. L. 

8/18/30 

13-60 

Soft 

Acid 

Fair 

Fair 1 

Poor 


9/17/30 

37-85 

Formed 

Neutral 

Good 

Poor ' 

Fair 


11/14/30 

60-110 

Normal 

Alkalin 

Good 

Fair ! 

1 

Good 

G. G. M. 

12/ 1/30 

38-75 

Soft 

Alkalin 

Good 

Poor 1 

Good 


3/25/31 

15-110 

Soft 

Alkalin 

Good 

Fair ' 

Good 


4/14/31 

51-108 

Formed 

Alkalin 

Good 

Fair | 

Good 

L. A. ]\I. 


27-80* 

Soft 

Acid 

Fair ' 

Poor 

Poor 


6/15/31 

38-110 

Formed 

Alkalin 

Good 1 

Poor 

Good 

G. N. 

5/10/30 

00-134* 

Formed 

Acid 

Good 

Good 1 

Poor 


6/19/30 

63-111 

Formed 

Neutral 

Good 

Good ! 

Fair 


10/ 6/30 

62-110 

Normal 

Alkalin 

Good 

Good 

Good 

A. J. R. 

3/14/30 

16-110* 

Formed 

Acid 

Good 

Fair 

Poor 


5/29/30 

39-110 

Formed 

Neutral 

Good 

Poor 

Fair 


3/13/31 

39-205 

Normal 

Neutral 

Good 

i 

Fair 

Fair 
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RECORD 1. 

Doe, David. , , , , x- 

Health Mbashees to Improve; Eat slowly and only at meal times. 

TFcdncscfaj/, October 7, 1931. 

6.30 to 6.55 p.M. Lamb, cauliflower, bread and butter, chocolate blanc mange, 
cookies. 

7 p.M. Seeds taken to mark this meal. 

Thursday, October 8. 

7.15 to 7.30 A.M. Prunes, oatmeal, scrambled eggs and muffins, coffee. 

8 A.M. Soft dejection with first seeds. Initial rate 13 hrs. 

12.30 to 12.45 p.M. Lamb hash, muffins and butter, baked apple, cake. 

6.30 to 6.60 p.M. Beef steak, potato, white bread and butter, vanilla ice cream. 

9.30 p.M. No dejection. 

Friday, October 9. 

7.20 to 7.35 A.M. Pears, cream of wheat, eggs and bacon, toast, coffee. 

8.25 A.M. Soft dejection with seeds. 

12.35 to 12.50 P.M. Veal stew, rye muffins and butter, stew’ed pears, cake. 

6.25 to 0.50 P.M. Haddock, rice, beets, rolls and butter, custard pie. 

10.15 P.M. No dejection. 

Saturday, October 10. 

7.25 to 7.35 A.M. Orange, shredded wheat, mackerel, doughnut, coffee. 

8 A.M. Soft dejection with last seeds. Final rale 61 hrs. 

12.20 to 12.50 P.M. Fish chowder, pilot crackers, peach pie. 

6.35 to 7.30 p.M. Celery soup, roast beef, potato, broccoli, rolls and butter, fruit 
salad, bat-le-duc, cream cheese and crackers, peach ice cream, and cake, coffee. 

11.30 p.M. Soft dejection without seeds. 

The dejections noted by patients in these first records are often 
of the soft type; and the “marked” evening meal in passing through- 
the digestive system in 13 (initial) and 61 hrs. (final) signifies a 
rapid intestinal rate. The former erroneous ways of eating may be 
largely responsible for the malabsorption, but some foods should 
be omitted or greatly reduced, to relieve the irritability of the colon. 
Accordingly, still more health measures are advised, such as “eat 
many vegetables and sparingly of meats, cereal food and fruit” 
and are vTitten at the top of a second sheet for a record of nutrition. 
These measures should be adopted immediately, but records should 
not be started for a week, in which case another appointment is 
given in 2 weeks. At this visit, patients generally feel better, and 
may have lost a few pounds. They are also likely to have noted 
that some dejections were formed instead of soft and, while the 
initial intestinal rate may still be rapid, at 14 hrs., the final rate 
has extended to 85 lirs. These and other changes indicate that 
better alimentarj^^ mixtures have improved the colonic functions 
(Table 1). At this time, when patients begin to make better use 
of the food going through them, they maj- also be advised to eat 
a small breakfast and lunch. 

Froin now on, patients should be seen every few weeks in order 
to consider the state of the joints, the general condition, and the 
weight of the body, but more particularly for the examination of 
records of nutrition. Unless patients present records showing 1 and 
sometimes 2 daily dejections of entirely segmented feces and, more 
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particularly, intestinal rates of about 38 (initial) and 110 hrs. (final) 
or better, at these \nsits, they must carry out still more health 
measures and be seen frequently. However, others who have 
improved in health, strength and weight, and have normal dejec- 
tions and, especially, normal rates may be seen less frequently, 
^^dienever these patients are seen they must present a week’s 
record of nutrition, as well as records of bi-monthly determinations 
of the intestinal rate and bodily weight. Besides examining these 
records and the condition of the joints, the state of other disorders 
such as anemia and hypoglycemia may be observed every few 
months. 

To reduce the swelling, alleviate the pain and restore the action 
of the joints, rest, heat, massage or exercises are most beneficial 
if supervised by an experienced physiotherapist under a surgeon. 
This is because the relief of each joint is an individual problem. 
These measures are best applied in combination, as baking and 
massage alone are not often effective. The acutely painful and 
swollen joint must be kept quiet, and the unnecessary use of enlarged 
knees, vuists or phalangeal joints is likely to increase the discomfort 
and swelling. To assure proper rest for the vertebrie, braces or 
collars may be applied. In this stage, too, the use of heat should 
not be extreme or long continued, and massage or exercises should 
not be used. With the subsidence of pain and swelling, more 
extended and intense baking or hot fomentations, and gentle super- 
ficial massage above and below the joints may be practised. In 
this stage, too, patients may be taught to contract gently the 
muscles which control the joints, in order to improve the tone and 
condition of the muscles, articular cartilages and bones. If the 
joints are protected by traction and jointed splints to allow the 
greatest motion without discomfort, exercises may be tried. All 
of these measures increase the circulation and thus improve the 
nutrition of the joint. On the relief of pain and superficial swelling, 
the joints may be directly and more vigorously massaged, and the 
muscles which control them extensively exercised; but an increase 
of swelling is a contraindication to the use of these measures. 

The Restoration and Control of Health. The results of an attempt 
to educate several hundred patients in the creation and control of 
health by anabolic nutrition to cure arthritis are shown in Table 2. 
Table 2. — The Results of Anabolic Nutrition in the Treatment of Arthritis. 


lUnd. Number. Condition. Number. 


Patients. 

Private 74 Healthy 43 

Charity 107 Improved 75 

Improved after two trials . (7) 

Total seen 241 Unimproved or worse . . 34 

Uncooperative .... S9 

152 

Total studied 152 
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Women outnumbered men two to one; and while most were middle 
aged, a few were young and some were old. Americans of moderate 
intelligence predominated; and they were not only interested in 
new principles of health education but also exercised commendable 
control in correcting erroneous ways of eating. Some of the patients 
could not be taught or would not cooperate; and only those who 
brought in 5 or more records over a period of more than five months 
have been considered in evaluating the treatment. Of the rernainder, 
more than one-fourth have been cured, because the swelling and 
pain have been entirely relieved and the motility of the joints has 
been generally normal. Details of the restoration of health- in some 
of these patients are shown in Table 3. About one-half have im- 
proved and enjoy an extended sphere of activity. Some of these 
patients have not been treated long enough to become healthy. 
A few of them tried to create anabolic nutrition once, failed and 
became worse; and then after a while tried again and succeeded. 
Finally, the remainder has stayed the same or become worse. A 
few of these patients could not understand the principles of treat- 
ment, but most of them would not cooperate. The results obtained 
in the whole group are encouraging, although the relief of the dis- 
ease and the prevention of relapses in more patients might have 
been possible if better instruction and especially a better “follow- 
up” could have been carried out. Ober^ has already outlined a 
plan to control the health of patients with arthritis. 

’f^Tien a state of health is created to cure disease, the fight is 
only half won when arthritis is relieved; for the improved state of 
well-being must be subsequently controlled if the disease is to be 
cured. All persons are human and are likely to digress from the 
even, and sometimes dull, tenor of healthy living. Such digres- 
sions, if infrequent and of short duration, may not be injurious if 
a reserve of health has been established. To prevent another 
attack, it is necessary to know how well these persons control 
anabolic nutrition in order to remain healthy. To this end, all 
those instructed in these principles of treatment are required to 
observe the dejections and keep them normal; then to make and 
record tests of the intestinal rate and figures of bodily weight every 
few weeks; and several times a year, according to the supervision 
needed, they are requested to bring in records of nutrition. The 
response to such a request is illustrated in Record 2. At one of these 
visits, a comprehensive and exact examination of the body, joints 
and various specimens may be carried out to assure these persons 
of good health. Details of treatment of a few patients and healthy 
persons who have endeavored to create and control health by 
anabolic nutrition are described in the following reports. The 
minor digressions from right eating or living that produced mal- 
absorption and made the patients worse are especially interesting 
and are written in italics. 



Table 3. — The Restohation and Control op Health by Patients from Anabolic Nutrition. 
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RECORD 2. 

Heamh Measures to Continue; Eat a small breakfast and lunch, sparingly 
of meat, fat and cereal food, and fruit according to absorption. Detemino the 
intestinal rates and -weights in May and June and bring in a complete record in July. 


Rales. Weights. 

May 37 to 132 hrs. and 63 to 134 hrs. 137, 139 

June 61 to 120 hrs. and 57 to 156 hrs. 138, 138 


Wednesday, June 28, 1931 

7 to 7.45 P.M. Cold consomm5, cracker, roast chicken, potato, beet greens, tomato 
and lettuce salad, bar-le-duc cheese and crackers, demi-tasse. 

7.45 p.M. Seeds taken to mark this meal. 

Thursday, June 29. 

8 to 8.10 A.M. Corn muffins and butter, coffee. 

9.30 A.M. Normal dejection. 

1.30 to 1.50 p.M. Cheese souffle, asparagus salad, roll and butter, cocoa, cantaloupe 
melon. 

7.05 to 7.30 p.M. Salmon, peas, spinach, bread and butter, raspberry mousse, cake, 
demi-tasse. 

Friday, June SO. 

8.10 to 8.25 A.M. Toast and butter, coffee, milk. 

10.15 A.M. Normal dejection. 

1.15 to 1.40 p.M. Tomato omelette, potato, roll and butter, fruit salad, 

7.30 to 8.30 p.M. Cold clam broth, steak, potato, broccoli, roll and butter, asparagus 
on toast, strawberry ice cream, cake, demi-tasse, 

11 P,M. Normal dejection -with first seeds. Initial rate 60 hrs. 

Saturday, July 1. 

8.30 to 8.45 A.M. Wheat gems and butter, coffee, milk. 

9 A.M. Formed dejection -with seeds. 

1.30 to 1.35 p.M. Fish chowder, crackers, cup custard, 

7 to 7.30 p.M. Duck, jelly, potato, string beans, apricot salad, demi-tasse. 

10.30 P.M. No dejection. 

Sunday, July 2. 

8.30 to 8.45 A.M. Brown bread and butter, coffee. 

10.15 A.M. No dejection. 

1.45 to 2.05 p.M. Scrambled eggs and bacon, roll and butter, cocoa, asparagus salad, 
prune whip. 

7 to 7.30 p.ji. Roast beef, potato, peas, roll and butter, apple pie. 

10 p.M. Normal dejection with seeds. 

, Monday, July S. 

8.30 to 8.45 A.M. Toast and marmalade, coffee, milk. 

9.45 A.M. Normal dejection -with seeds. 

1 to L20 P.Jf. Bouillon, welsh rarebit, spinach, strawberries and cream, cake. 

7 to 7.30 p.M, Lamb, potato, cauliflower, roll and butter, rennet, pear, demi-tasse. 

10.30 p.M. Small normal dejection -with seeds. 


Tuesday, July J,. 

S to 8.30 A.M. Corn muffins and butter, coffee. 

10 A.M. Normal dejection with last seeds. Final rate 134 hrs. 

1.30 to 1.45 P.M. Shirred egg, peas, roll, milk, raspberry sherbet, cakc.-^i^--' 

7 to 7.30 p.M. Cold consommfi, lamb chop, potato, spinach,’tolL'5n3^u,tt^'i 
agus on toast, peach ice cream, demi-tasse. ^ liuJOu-l (_ 

Wednesday, July ^ 

S.IO to S.20 A.M. Puffed wheat mtb milk and sujf, ^ffee. T TTR'RA-B'^ 

10.30 A.M. Normal dejection -nithout seeds. 1 1 ^ ^ 


'v. 
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Case 1. — Mr. A. M. C., American, aged 45, married, salesman, has liad 
pain in the spine and pain and swelling of the wists for 2 years. Roentgen 
ray diagnosis, hjT^ertrophic arthritis. Several years ago used to eat too 
much and too fast, an excess of sweet and cereal food, and weighed 175 
pounds. Has taken laxatives regularlj'- for manj’^ years. Weight now 
135 pounds. Indigestion and malnutrition shovni by soft, alkalin feces, 
in which protein digestion is fair, fat poor, and starch very poor. 

July 21, 1931. Advised to omit laxatives, eat slowly, fruit at lunch 
and dinner, and try to deject twice dailJ^ Also to rest, use hot soaks t. i. d. 
and take acetylsalicylic acid p. r. n. 

July 28, 1931. Weight 1321 pounds. Regular vdthout laxatives during 
the week, but has had soft dejections and a rate of 36 and 63 hrs. To eat 
less fruit. 

August 11. Feels stronger and sleeps better. Weight reduced to 131-1 
pounds. Dejections generally regular and formed, vdth a rate of 62 to 
86 hrs. Good diet. 

September 1. Less swelling and pain in joints. Weight 131 pounds. 
Dejections regular and normal, rate 62 to 135 hrs. To eat many vegetables. 

October 11. Back at work again and travelling about. Swelling and 
pain increased from too vmch use of Innbs. Weight 130 pounds. Rate of 
63 and 87 hrs. To eat slowly, less fruit, but according to absorption. Also 
to get more rest and take digestive tablets. 

December 1. Continues to have pain but swelling is reduced; also sleeps 
soundly and weight is increased to 134 pounds. Rate 63 and 111 hrs. Good 
diet. 

March 7, 1932. Ate some decomposed food, had diarrhea for a week, lost 
weight, ana had a return of pain and swelling. Rates in Februarj' 41 to 
107 ana 63 to 136 hrs. To eat sparingly of fat food and fruit according to 
absorption. 

May 21. Has had an opportunity to rest more recently, pain and 
swelling have subsided and weight is 132 pounds. Rate 63 to 132 hrs. To 
continue rest and same diet. 

August 4. Improvement continues and weight continues at 132. Rate 
in June 64 to 133, July 63 to 134 Ims. Now dejections are generallj’- formed 
and normal and rate is 63 to 110 hrs. 

Case 2.— Mrs. G. N., American, aged 46, housevife, has had pain and 
swelling of hands and knees for 10 years. Roentgen ray diagnosis, hjTJer- 
trophic arthritis. Weight 145 pounds. Used to eat frequently between 
meals, and especially of sweet stuff. Now eats too much riieat, bread and 
fat food, and too few vegetables. Indigestion shown by formed, acid feces, 
in winch protein and fat digestion are fair, but starch digestion is poor. 

May 15, 1930. Advised to reduce protein, fat and cereal food, and eat 
more vegetables. 

Maj’- 22. About the same. Dejections irregular, with a rate of 60 to 
134 his. Weight 145 pounds. Is eating too much cereal food and too few 
green vegetables. 

June 19. About the same, but is sleeping better. AVeight 144 pounds. 
Dejections still somewhat irregular and formed, vdth a rate of 63 to 111 
Irrs. Eat a light breakfast and lunch, less meat and fish, and fruit according 
to absorption. 

September 4. AWiile abroad, ate irregularly, had regular but soft dejec- 
tions. Rate not determined. Pain and swelling became worse. Weight 
145 pounds. Since returning, has returned to diet and dejections have 
become irregular but normal, rate 70 to 165 hrs. To eat more fruit but 
according to absorption. 

October 6. Improved, swelling reduced and pain much reheved. AVeight 
144 pounds. Dejections regular and normal again, with a rate of 62 to 
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116 hrs. In a health test the physical examination was negative, and blood 
pressure 113/80. In laboratory tests the hemoglobin was 72% (Newcomer) ; 
corpuscle count, 4,200,000; leukocyte count, 8600; differential count; poly- 
raorphonuclears, 65%; lymphocytes, 26%; myelocytes, 0%, endothehals, 
7%; eosinophils and basophils, 2%. Non-protein nitrogen, 32 mg. and 
sugar, 123 mg. Feces normal, alkalin, protein digestion good, fat good, 
starch fair. Urine normal. 

January 8, 1931. Much improved, pain and swellmg about gone. 
Weight 145 pounds. Had a cold recently, took laxatives and enemata and 
had irregular, soft dejections for a wliile. After dejections became normal 
they were regular, 'with a rate of 63 to 156 hrs. To eat a light breakfast 
and lunch, many green vegetables and more fruit, but according to 
absorption. 

March 5. About well, gets about as she wishes without pain, and swelling 
about gone. Weight increased to 148 pounds. Dejections regular and 
normal, rate 63 to 111 hrs. To eat very sparingly of cereal and fat food. 
September 18. Well. Weight 147 pounds. Rate 62 to 132 hrs. 

Case 3.— Mrs. G. S. C., American, aged 52, housewife, has had pain and 
swelling of the neck, shoulders and knees for 10 years, and Roentgen ray 
diagnosis of hypertropliic arthritis. Weight now 139 pounds. Eats irregu- 
larly, too much cereal food especially, and takes laxatives regularly. Indi- 
gestion and malnutrition shown in first naturally dejected stool by soft, 
strongly acid feces, a fair protein digestion, but a poor fat, and very poor 
starch digestion. 

NoA'ember 27, 1930. Advised to eat slowly, only at meals, a small break- 
fast and lunch; to omit oranges and grapefruit but eat other fruit at lunch, 
and try to deject twice. Rest adAused, and also acetylsalicylic acid p. r. n. 
Physiotherapy ad\dsed. 

December 4. During the week the condition has remained unchanged 
and weight is 139 pounds. Dejections regular but soft, with a rate of 12 to 
42 hrs. A reduction of cereal, fat and sweet food advised. 

January 5, 1931. Still has pain and swelling of the joints and weight is 
unchanged at 139 pounds. Feces formed at times, Avith a rate of 19 to 
87 hrs. Eats too much cereal food and too feAV green A'egetables especially. 

March 9. Began to improve, went on a visit, ate irregularly and too much 
rich food and became worse. Dejections regular, but soft, AAUth a rate of 
14 to 39 hrs. To eat only at meals, a light breakfast and lunch, many 
leafy A^egetables, and fruit according to absorption. 

June 9. Continues to improve, has less pain, and swelling of joints had 
entirely subsided. Gets about comfortably. Weight 144 pounds. Dejec- 
tions regular, generally formed, alkalin, with a rate of 46 to 133 lirs. To 
eat sparingly of fat and starchy food. 

September 9. Has gained in health, but has been eating irregxdarly and 
too much cereal food latehj. Had a fair rate of 12 to 113 lirs. in August, but 
recently has had many soft dejections and a rate of 36 to 63 hrs. Advised 
to eat only at meals and less cereal food. 

November 9. Much improved again. Weight reduced to 142, dejections 
regular and often normal,_Avith a rate of 37 to 135 hrs. 

March 16, 1932. Continued to improA^e up to a month ago, when dejec- 
tions became soft, A\ith a rate of 15 to 61 hrs. There has been a slight 
return of pain and swelling. Weight reduced to 136 pounds. Record shoAvs 
ingestion of too much rich food and cereal food, 

, December 7 . Is sloAvly becoming better nourished and healthier. Weight 
increased to 139 pounds. Has had formed and normal dejections generalN 
and rates of about 63 to 134 hrs. Now brings in a record of 18 to 111 hrs. 
io eat less fat and cereal food, more green vegetables, and less fruit but 
according to absorption. 
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February 27, 1933. Has made a marked improvement. Weight reduced 
to 135 pounds. Has had normal dejections generaUj", and on tests of the 
rate every few weeks has generallj’^ had rates of about 63 to 134 hrs. Brings 
in a record with regular and normal dejections and a rate of 87 to 164 Iirs. 
To eat more fruit especially, but according to absorption. 

Case 4. — Miss E. W., American, aged 53, has had pain and swelling of 
the knees for 2 j’^ears. Roentgen ray diagnosis, atrophic arthritis. Weight 
154 pounds. Now eats too fast, irregularlj’’, and too much fruit. 

October 31, 1929. Ad^^sed to eat a small breakfast and lunch, but a sub- 
stantial dinner at night. Also to omit oranges and grapefruit and eat other 
fruit at lunch only. 

November 6. About the same, Aveight reduced to 150 pounds. Dejec- 
tions formed, vdth a rate of 15 to 135 hrs. To eat less cereal food. 

December IS. Condition improved. Weight 148 pounds. Rate 36 to 
156 lu-s. Good diet. 

Februarj’' 12, 1930. Continues to improA'e. Weight 147 pounds. Rate 
40 to 156 hrs. 

Jul}’- 2. Well. Weight 142 pounds. Rate 39 to 110 hrs. 

December 10. Continues welJ. Weight 146 pounds. Rate 38 to 110 hrs. 
Good diet. 

April 15, 1931. Continues well. Weight 149 pounds. Rate 39 to 
111 lirs. 

October 14. Continues well. Weight 149 pounds. Rate 41 to 113 hrs. 

Februarj^ 17,' 1932. Continues well. Weight 149 pounds, and has had 
rates of 39 to 111, 39 to 113, 39 to 111 hrs. 

November 30. Continues well. Weight 145 poimds, and has had rates 
of 41 to 112, 40 to 111, 41 to 113 hrs. 

March 29, 1933. Continues well. Weight 145 pounds. Rate 39 to 
123 hrs. 

The Operation of the Proximal Colon. “The w'onder is not that 
structural imperfections and functional disharmonies should develop 
in proportion to our numbers, but rather that so many of us escape 
harm altogether and enjoy good health. . . . The solution of 
our problem of life is a fuller knowledge of the use and working 
of those parts of our bodies most apt to give way under our modern 
ways of living— the use of such structures as the great bowel. And 
when Ave have replaced our ignorance by real knoAvledge we shall 
be in a position not to adapt our bodily structures to our mode of 
liAung, but our mode of liAung to our bodily structures. . . . The 
bowel is not a useless or superfluous organ, but one which Ave in om- 
ignorance are maltreating.” (Keith.*^) 

To adapt our Avays of eating and mode of living to the complex 
and delicately adjusted control exercised by the proximal colon, 
certain requirements must be fulfilled. To this end, the food 
ingested by a healthy person may be somewhat similar to that in 
Record 2. One requirement for this action is the consumption of 
a small amount of food at breakfast and lunch but a substantial 
amount at dinner; although a small combined brealcfast-lunch in 
the middle of the morning and a substantial dinner in the evening 
is advisable for obese and sedentary patients. On the contrary, 
the consumption of insufficient food does not appear to supply the 
needs of the tissues for nourishment and leave a residue for daily 
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defecation; thus the dejections are irregular, the intestinal rate 
abnormally extended, and the patient malnourished. The weight 
and value of the food may vaxy from 50 to 100 gm. of protein, 
50 to 100 gm. of fat, and 150 to 200 gm. of carbohydrate (1500 to 
2500 large calories), according to the age, sex, size and activity of 
the person. While the amount of food is small, if the intestinal 
rate is normal there is a large amoimt of nutritive material in the 
digestive system. Everyone is instructed to attempt defecation an 
hour or two after breakfast and again at bedtime, irrespective^ of 
an impulse. One and occasionally 2 days without a dejection 
improve the absorption if the intestinal rate has been too rapid. 
A second requirement is the thorough mastication of the food; 
each mouthful of starchy food especially should be made fluid with 
saliva before it is swallowed. A third requirement is that the diet 
be “complete,” as avitaminosis sometimes causes diarrhea. A 
fourth requirement is that many vegetables be ingested to make the 
aliment alkalin. Forman, Pennington and Funkhouser^® found 
the soft feces often had an acid reaction of pH 5 to pH 6.5; whereas 
the segmented stool had an alkalin reaction of pH 7 to pH 7.5. 
A fifth requirement is to eat fruit according to absorption. As 
the action of the colon is not known until after the dejection, which 
generally ocpurs after breakfast, the ingestion of fruit is advised 
at lunch and sometimes dinner. Some patients get an irritable 
colon from the ingestion of too much fruit, especially the citrous 
fruits; whereas, when the irritability of the colon has been relieved, 
enough fruit must be ingested to produce regular defecation and 
prevent the intestinal rate from becoming abnormally extended. 
A sixth requirement is the omission of all laxatives, oils or enemata; 
because regular and normal dejections are produced by the regula- 
tion of normal foods.*® Furthermore, Magnus*^ has observed that 
the normal antiperistaltic waves of the proximal colon in animals 
are inhibited by food containing senna. 

Two glasses of water or a corresponding amount of fluid are 
advised at each meal, one on arising and one at bedtime, under 
ordinary conditions. Moderation in the use of beverages and malted 
or spirituous liquor and tobacco does not appear injurious. Finally, 
S hrs. of sleep are advocated, and this is often accomplished if 
some physical exercise is taken outdoors every day. Exercise is 
greatly restricted in extremely deficient patients, however, as the 
intestinal rate is likely to be rapid; and these patients are advised 
to rest once or twice during the day and try to sleep more than 
8 hrs. at night. 

The Wisdom of the Body, the Conscious Colon, and Health, “ . . . 

The circuit of the blood is accomplished, now more rapidly, now 
more slowly, according to the temperament, age, etc., of the indi- 
n'dual, to external and internal circumstances, to naturals and non- 
naturals— sleep, rest, food, exercise, affections of the mind and the 
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like.’” . . . through the wisdom of the body .... “The heart 
has a marvelous power of adapting its work and its performance 
to the needs of the body.” (Starling.*^) 

Just as the circulation changes according to sleep, rest, food, exer- 
cise and affections of the mind and the like, so the cycle of digestion 
and absorption of the aliment, regulated by the same kind of 
“wisdom of the body,” likewise varies according to our ways of 
eating and Imng. Then again, as the heart adapts its work to the 
needs of the body, so does the digestive system adapt its performance 
to the requirements of the tissues for nutrient substances. In this 
way the functions of the digestive system operate as a perfect 
nutritive apparatus, in which the course of the aliment is largely 
controlled' by stimuli within and without on the dual and conscious 
action of the digestive pouches. Thus the primary pouch— the 
stomach— automatically acts and reacts according to the ingested 
mixture. For proper food is normally churned with the digestive 
ffuids to promote mixing and digestion; but an extremely unsuitable 
mixture is abnormally expelled, by vomiting, to prevent the absorp- 
tion of injurious substances. Moreover, the secondary pouch— the 
proximal colon— acts in a similar way; for here, in animals, the 
aliment is normally worked over by waves of peristalsis and anti- 
peristalsis, and then “a segment from its contents is every now and 
then nipped off' by a ring of constriction, and carried away to be 
moulded in its further passage down the colon to the firm fecal 
nodule.”*® But’ a rapid and propulsive passage of the contents 
which results in diarrhea, and one probably due to irritant products, 
has also been observed.™ In man, too, the aliment is passed through 
the colon by two kinds of action. One is the movement of Fischl 
and Forges,®* by which small, uniform segments are passed slowly 
through the distal colon. This act, similar to the normal action in 
animals, evidently signifies the normal action of the colon. The 
other is the mass movement of Holzknecht,®® by which large, irregu- 
lar masses are rapidly passed through the colon. This rapid pro- 
pulsive act may be regarded as resembling vomiting, and obviously 
abnormal. Each function molds the colonic contents in a signifi- 
cant way ; for from right eating and li-ving one function produces the 
entirely segmented feces, and from erroneous ways another action 
molds the soft and formless stools. 

From this point of view the colon operates with a conscious 
capacity and may be made to serve as an exact and delicately 
adjusted control, especially of proper ways of eating. Moreover, 
through “the wisdom of the body” and the “consciousness” of the 
colon, the soft feces serve as a definite means to determine intestinal 
indigestion as an early and slight disorder of the nutritive apparatus.^ 
On the other hand, the entirely segmented feces produced by the 
correction of erroneous ways of eating indicate that the aliment 
has completed its cycle of digestion and absorption. Thus a morbid 
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process is replaced by a \dtal process for the creation of a heretofore 
unrecognized condition of the human body an exact state of 
health from anabolic nutrition.^ ^ 

Summary. A failure of nutrient substances to construct healthy 
bone and cartilage, or a metabolic disorder, has often been con- 
sidered as the cause of arthritis. In many ways health is a vague 
and variable condition; but from the operation of the digestive 
system as a perfect nutritive apparatus, through' an understanding 
of the wisdom of the body, a process evidently becomes effective 
which creates an exact state of health. Such a process is produced 
by the correction of erroneous ways of eating and living, to operate 
properly the “secondary digestive pouch,” the proximal colon; for 
tliis function finally molds the intestinal contents into the uniform 
masses of the entirely segmented or normal feces and’ produces 
normal intestinal rates. As these indices signify complete digestion 
and absorption, any other kinds of feces or rates are an indication 
of the passage of nutritive material through instead of into the 
body and of intestinal indigestion. As the normal indices imply 
the assimilation of improved nutrient substances by cells, the 
process created by their production has been called “anabolic 
nutrition.” 

In an attempt to create anabolic nutrition to cure arthritis, 
several hundred patients have been educated; but as a third of 
them would not cooperate, the value of the treatment is based in 
this study on 152 patients. Of this number, health has been restored 
in more than one-fourth, improved in one-half, and remained the 
same or became worse in the others. In some of those who improved, 
health is likely to be restored by more prolonged treatment; in a 
few, one attempt to create anabolic nutrition failed and they 
became worse, but later another attempt proved beneficial. In 
those who remained the same or become worse, either an under- 
standing of the principles or cooperation could not be secured. 
For healthj'^ persons relieved of arthritis to prevent a recurrence, 
they must be supervised; and therefore they are required to make 
and record tests of the intestinal rate and bodily weight every few 
weeks and return to the office or health class with records of nutri- 
tion every few months. Thus they may control health by anabolic 
nutrition, and cure artlxritis. 
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IN PHILADELPHIA. 
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(From the Gastro-intestinal Section of the Medical Clinic, University of Pennsyl- 
vania Hospital.) 

Relath^ely little information is available as to the frequency 
and importance of infestation with intestinal protozoa among resi- 
dents of temperate climates who dwell at home under the conditions 
of modern citj' life. It is well recognized, however, that such infes- 
tations are significantly frequent in southern sections of the United 
States and in ivarmer climates throughout the world; also, that they 
are exceedmgly common in the stools of individuals who are living 
in large groups such as armies* or institutions,^ and in those who lack 
the advantages of modem city sanitation.^ Andrews and Paulson,^ 
in 1931, were able to find Endamceha histolytica in only 0.3 % of a group 
of 312 individuals living under modern home conditions in Baltimore. 
This is in striking contrast to the findings of 67% in a group of 91 
soldiers by Kofoid and Swezy,® and of 11.4% in the rural districts 
of Tennessee bj’’ INIeleney, Bishop and Leathers,® and to the estimate 
of Craig® that between 5 and 10% of the entire population of the 
United States carry this potentially dangerous parasite. 

It is possible that some surveys have been made during periods of 
silent epidemics, it is probable that the incidence of cases varies 
from time to time in the same locality, and it is certain that the 
facilities for transmission vary widely m different strata of the popu- 
lation. The greater ease of obtaining material from institutionalized 
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groups has led to a disproportionate studj^ of such groups. The 
recent ividespread epideinic traced to Chicago ernphasizes the fact 
that there is a constant potential menace whenever and wherever 
individuals congregate. The present survey, made during the winter 
of 1932-1933 and just preceding the Chicago epidemic, demonstrates 
that other cities as well possess an adequate number of carriers to 
effect an equal dissemination if facilities are offered. Public health 
nractices should be amended to insure the destruction of ameba 
cysts along with the much less resistent pathogenic bacteria. 

The present investigation was undertaken to learn how frequently 
intestinal protozoa should be anticipated in this locality among 
patients entering the medical wards of a hospital. We know of no 
similar survey of Philadelphia or its immediate vicinity.. Interest 
is added by comparison of these findings with those obtained by one 
of us (Hinshaw, to be published) in a similar but more extensive 
survey in the subtropical climate-and oriental living conditions of 
Beirut, Lebanon Republic, Syria. 

Material and Methods. Specimens were requested of unselected 
patients upon admission to the wards of the Medical Clinic of this 
hospital, regardless of the nature of their complaints. Additional 
specimens were submitted from patients in whom intestinal disease 
was suspected, including especially outpatients visiting the gastro- 
intestinal section; none of these, however, carried E. histolytica, so 
that this departure from our original plan of studying an unselected 
group had no effect in increasing the incidence of this infestation. 

Specimens (535) were examined from 368 patients (average 1.5). 
The frequent use of mineral oil to avoid constipation in hospital 
patients often made subsequent specimens unsuitable for study. 

■ Among those yielding no intestinal protozoa ’an average of 1.2 
specimens per patient were studied, while for those found to have 
some kind of infestation 2.1 specimens per individual were secured. 
Part of this difference is accounted for by the increased interest of 
the clinicians in the latter group. Study of the tabulations in this 
paper demonstrates, as has been pointed out before, that with suc- 
cessive specimens from a single patient there is a tendency to dis- 
cover a larger variety of organisms. It has been estimated that 
only one-third to one-half of existing infestations are reimaled by a 
single stool examination; their identification may be increased to 
80% or better by the proper study of 4 to 6 formed specimens or 
by the examination of 2 or 3 stools secured after the use of a saline, 
laxative. 

The search for motile amebse requires an arrangement by which 
the patient can defecate in the laboratory and the specimen be 
examined immediately; also such study is subject to considerable 
error in that the motile forms possess less definite features for identi- 
fication and in that they require more skill and experience for their 
interpretation, kurthermore, they require the constant presence in 
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the laboratory of an experienced parasitologist and yield no perma- 
nent preparation which can be studied subsequently. For these 
reasons we chose to base our survej’’ on a study of the encysted 
forms in stained smears. 

The specimens were usually obtained without a cathartic, and 
specimens following the administration of oily laxatives were always 
discarded. Although the smears were made as promptly as possible, 
usually within ^ hr. after defecation, such prompt examination 
of formed stools for the cysts is not essential. Elsewhere we have 
frequently examined stools which were mailed from considerable 
distances. A¥e have also sent stools by air mail from Beirut, Syria, 
to Hoechst, Germany, where the viability of the eysts was proven 
by the successful infection of dogs after a transit of over 2000 
miles. 

Flagellates are much more conspicuous in the active motile state 
than when stained, being readily overlooked in the latter condition. 
Their specific identification, however, may be easier when they are 
stained. 

Magath and Ward^ carefully compared several methods of examin- 
ing for intestinal protozoa, and expressed a preference for the study 
of fresh preparations of liquid stools obtained after a saline purge. 
Their facilities and skill, however, cannot be duplicated in the aver- 
age instance, and for such a study as we have made, under ordinary 
conditions in a large general hospital, we believe that the staining 
method will yield more dependable results. 

Method. Smears of saline emulsions of feces were made on flamed clean 
slides with a mucilage brush and fixed immediately while moist in hot (60° 
C) Schaudinn’s fluid, in which they remained for 15 min. They were then 
placed for 10 min. each in 50 and 70% alcohol, strongly colored with iodin. 
Hj'-dration was accomphshed by passage tlmough 50 and 30% alcohol and 
distilled water. The smears were then mordanted for 10 to 20 min. in a 2 % 
solution of iron alum held at 30^0° C, rinsed in distilled water and stained 
in a ripened 0.5% solution of hematoxylin for a similar length of time at a 
similar temperature. Differentiation was carried out under the microscope 
in a 1 % solution of iron alum. The slides were next thoroughly washed in 
running water for 20 to 30 min. and dehydrated by passage through 30, 50, 
70, 90, 95 and 100% alcohol, each for about 5 min.; then left in xylol for 
5 min. and mounted in balsam, using a thin coverglass. The smears were 
sj'stematicallj’- searched through an oil-immersion lens. 

Results. Endaviceba histolyticais the only ameba of man the patho- 
genicity of which has been proved, and it is, therefore, of the greatest 
clinical interest. Its presence is at least potentially dangerous both to 
the individual and to his associates. Only 1 of our patients was suffer- 
ing from amebic dysentery, while in the others no clear association 
could be made out between the presence of the parasites and the 
patient’s symptoms. In this paper we are not attempting an 
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evaluation of the clinical significance of the organism concerned. 
It was found in 4 of the 3G8 patients studied. In 2 of them no other 
parasites were found ; in 1 Endolimax nana was associated and in 
the other, Giardia iniestinalis, End'amceba tenuis, and E. nana 
Avere also present. Three of the 4 cases were diagnosed by the find- 
ing of typical cysts of E. histolytica. The remaining case ediibited 
only motile amebre and their identity was clearly established' by 
their appearance and activity, their ingestion of numerous erythro- 
cytes, and their great concentration in the ulcers of the rectum and 
sigmoid, which were visualized through the sigmoidoscope. Scrap- 
ings from the margins of these ulcers yielded great numbers of the 
typical amebse. Specific therapy (emetin-bismuth-iodid) resulted in 
prompt and total relief of the dysentery. Numerous Charcot-Leyden 
crystals also were present in these specimens. 

We do not believe that it is always possible to identify with 
certainty large motile ameb® found in stools, especially if the speci- 
men be cold, with impaired motility and scarcity of organisms. 
Three such cases must be recorded in this series in which the specific 
differentiation between E. histolytica and E. coli could not be safely 
made and additional specimens were unfortunately impossible to 
secure. In each of these cases we were of the opinion that they were 
probably E. histolytica. 

Endainceha coli was found in 18 patients, from whom a total of 33 
specimens were studied . W e have grouped the classical cysts together 
with those forms described by Kofoid and Swezy® as Councilmania 
lafleuri. We have never found a case demonstrating the classical 
forms which did not also yield the C. lafleuri types on further study, 
and all intermediate forms have been frequently observed in this 
and in other more extensive studies. The association of E. coli with 
other organisms is represented in the following table: 


Table 1. — Incidence op E. Colt in Stools. 


No. cases. No. specimens. 


E. coli alone 0 

E. coli and Blastocystis 1 

E. coli and Endolimax nana . 2 

E. coli, E. nana and Blastocystis 0 

E. coli, Trichomonas and Blastocystis 1 

E. coli, Chilomastix and Blastocystis 1 

E. coli, Giardia, lodameba and E. nana .... 1 

Total occurrence of E. coli 18 


The incidence of infection in the total 


group of patients was 4.9 %. 


6 

1 

2 

14 

6 

1 

3 

33 


Endolimax nana, a small and inconspicuous ameba of man, was the 
most frequently encountered of all. We have recorded it 131 times 
m 64 patients. Its association with other organisms is indicated in 

Table2, p. 112. 
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Table 2. — Incidence of E. Nana. 


No. cases. 

E. nana alone 9 

E. nana and Blastocystis 28 

E. nana and E. tenuis 6 

E. nana, E. tenuis, and Blastocystis 4 

E. nana, E. tenuis, Giardia and Blastocystis . . 2 

_ E. nana, E. tenuis, lodameba and Blastocystis . . 1 

E. nana and lodameba 1 

E. nana, lodameba, E. coli and Giardia .... 1 

E. nana and E. coli 2 

E. nana, E. coli and Blastocystis 6 

E. nana Trichomonas and Blastocystis .... 1 

E. nana and E. bistolsdica 2 

E. nana and imidentified motile ameba .... 1 

Total occurrence of E. nana 64 

The incidence of infection was 17.4%. 


No. specimens. 

14 

52 

8 

9 

•12 

1 

3 

3 

2 

14 

2 

10 

1 

131 


Endarnwha tenuis is one of the most frequently encountered amebte 
of man but is usually not distinguished from Endolimax nana which 
it resembles in shape and staining qualities and to which it may be in- 
timately related. Although its specific distinction is not widely 
accepted we are tentatively recognizing it and separating it from E. 
nana in this study. It was first described by Kuenen and Swellen- 
grebel,® and has been confused with the smaller races of E. histolyt- 
ica?-'^ Its importance has been noted by Kofoid^^ and placed in the 
genus Councibnania. It is distinctly larger than E. nana and its nuclear 
structure is different with a smaller more centrally placed karyo- 
some. Intermediate forms between the two tjqies are lacking in 
our material and this constitutes our principal reason for classifying 
them separately. It must be admitted that differences of technique 
might be adequate to accoimt for many distinctions in morphology. 
As experience is added, our distrust of purely morphologic criteria 
grows. Although E. tenuis was associated with E. nana in one-half 
of the cases we cannot accept this as evidence of genetic relationship 
because the same association is seen between E. coli and E. nana, or 
between Blastocystis and E. nana. The following table shows its 
association with other organisms : 


Table 3. — Incidence of E. Tenuis. 

No. cases. No. specimens. 


E. tenuis alone 7 10 

E. tenuis and Blastocystis 5 6 

E. tenuis and E. nana 6 8 

E. tenuis, E. nana and Blastocystis 4 9 

E. tenuis, E. nana, Giardia and Blastocystis . . 2 12 

E. tenuis, E. nana, lodameba and Blastocystis . . 1 1 

E. tenuis and Chilomastix 1 1 


Total occurrence of E. tenuis . 
The incidence of infection was 7 %. 


. 26 


47 
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Table 4. — Incidence of Iodamceba BiJtscheti. 

No. cases. No. specimens. 

lodamceba butschlii alone 1 1 

I. biitschlii and E. 1 " 

I. biitschlii, E. coli, Giardia and E. nana ... 1 3 

I. biitschlii, E. tenuis, E. nana and Blastocyatis . 1 1 

Total occurrence of I. biitschlii 4 S 

Incidence of infection 1.1%. 

Dienimrusha jragilis, a rare organism, was found in 2 specimens 
from 1 patient. 

Giardia iniesiinalis was found 28 times in 9 different patients. 
It is the only commonly encountered flagellate which is conspicuous 
and readily found in stained smears. In none of our patients could 
symptoms be attributable to the infestation. One patient with a 
roentgenologic diagnosis of duodenitis had enormous numbers of 
the parasite in duodenal drainage material. Its normal habitat 
is in the duodenum, appearing in the stools in the encysted state 
usually, except in diarrhea when it is more likely to appear in the 
ATgetative state. The following table shows its association with 
other intestinal protozoa: 

Table 5.— Incidence of Giardia Intestinalis. 

No. cases. No. Bpccimens. 


Giardia alone 2 2 

Giardia and Blastocyatis 6 16 

Giardia, E. histolytica, E. nana and Blaatocystis . 1 7 

Giardia, lodameba, E. nana and E. coli .... 1 3 

Total occurrence of Giardia 9 28 


Incidence of infection: 2.4%. 


Trichomonas hominis and Chilomastix niesnili are usually much 
more conspicuous in the fresh motile state than in stained material, 
where, if not numerous, they may be overlooked by the best observ- 
ers. This report is based upon stained slides and therefore gii’^es an 
apparent incidence of infection which is probably below the actual 
figure. They are usually more numerous in liquid stools, especially 
in diarrhea, but no etiologic significance has been demonstrated. 

The flagella of Trichomonas and Chilomastix are not conspicuous 
by our method of staining, so that recognition must depend upon 
the finding of oval or pytiform bodies ivith inconspicuous nuclei 
and at least traces of the intracytoplasmic portion of the flagellar 
apparatus. Trichomonas is most readily confused ivitli intestinal 
yeasts, especially if the staining be too dark. Chilomastix has a 
larger and more vesicular nucleus more anteriorly placed than in 
Trichomonas and showing portions of the cytostome with its stained 
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border. The axostyle and chromatic basal rod are often the only 
flagellar structures discernible in Trichomonas. The following table 
shows the association of Trichomonas with other protozoa: 

Table C. — Incidence op Trichomonas Hominis. 

No. c.ises 

Trichomonas hominis alone 1 

T. hominis and Blastocystis 1 

T. hominis, E. coli and Blastocystis 1 

T. hominis, E. nana and Blastocystis .... 1 

Total occurrence of T. hominis 4 10 

Incidence of infection: 1.1 %. 

Table 7. — Incidence of Chilomastix Mesnili. 

No. cases. No. specimens. 

2 2 

1 4 

1 1 

1 1 

Total occurrence of C. mesnili 5 S 

Incidence of infection: 1.4%. 


Chilomastix mesnili alone .... 
C. mesnili and Blastocystis 
C. mesnili and E. tenuis .... 
C. mesnili, E. coli and Blastocystis 


No. specimens. 
1 
1 
G 

o 


Blastocystis hominis, an ubiquitous organism, is of importance 
because of the fact that its pleomorphism permits it to mimic ameba 
cysts. Its actual systematic position has not been established, but 
it is perhaps more closely related to the fungi than to the protozoa. 
A full recognition of its range of A'-ariation is essential to the accurate 
diagnosis of intestinal protozoa. In fixed smears stained by the 
iron hematoxylin method it is seen as a spherical body ranging in 
size from that of the smallest to the largest ameba cysts. The 
essential feature upon which recognition depends is the double 
contoured or crescentic periphery ivhen viewed in optical section. 
Between these two external membranes will be found small poorly 
defined masses of stained material. Most of the sphere consists 
of a large vacuole the contents of which may be the most strildng 
element seen and which may vary in many ways. The contents of 
the vacuole may be mere hyalin material, may be clear or faintly 
reticular, or may be reticular and contain irregular masses of stained 
material deceptively resembling poorly stained nuclei of ameba 
cysts. In other instances the chromatic material may be more 
elongated or rod-like and resemble the chromatoidal bodies of 
ameba cysts. On other occasions the central mass will be dark 
and cloudy, perhaps contaming granules of chromatin, and resem- 
bles an overstained ameba cyst. We suspect that technique or 
chemical factors in the stool affect the morphology of these bodies 
because there is a tendency for predominance of one or another of 
these types m any given preparation, and varying from time to 
time in the same patient. Although Blastocystis ivill scarcely con- 
fuse the expert, it is often most confusing to the novice. In mistamed 
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material or after vital staining with eosin, Blastocystis has no strik- 
ing resemblance to the parasitic protozoa, which is an advantage 
for this method. 

The association of Blastocystis with other organisms may be seen 
by revision of the preceding tabulations. In addition, it occurred 
alone in 79 specimens from 64 patients. It was associated with 
other organisms in 147 specimens from 63 patients. The incidence 
of infection in this series is 34.5%. 

Summary and Discussion. In a survey to determine the incidence 
of infestation with intestinal protozoa in patients entering^ the 
medical wards of a general hospital in Philadelphia during the winter 
of 1932-1933, the following results were obtained from a study of 
535 fecal specimens from 368 patients: 


Table 8. 



No. 

No. 

Percentage 
incidence in 


patients. 

specimens. 

total group. 

Endamoaba histolytica . 

. . 4 

23 

1.1 

EndamcDba sp.? (probably motile 
moribund E. histolytica) . . 3 

3 

0.8 . 

Endamoeba coli . 

. . 18 

33 

4.9 

Endolimax nana . 

. . 64 

131 

17,4 

Endamceba tenuis . 

. . 26 

47 

7.0 

lodamoeba biltsohlii . 

. . 4 

8 

1.1 

Diontammba fragilis 

. . 1 

2 

0.3 

Giardia intestinalis . 

. . 9 

28 

2,4 

Chilomastix mosnili . 

. . 5 

8 

1.4 

Trichomonas hominis . 

. . 4 

10 

1.1 

Blastocystis hominis. 

. . 127 

226 

34.5 

Negative for protozoa . 

. . 197 

308 

53.8 


Conclusions. These findings emphasize the importance of amebic 
infestation in Philadelphia and other cities in temperate climates. 
There are continually present an adequate number of infested 
individuals to serve as points of dissemination for future epidemics 
of amebic dysentery and chronic amebiasis. The practice of sanita- 
tion must take this fact into account and so control water supplies 
and food handling as to assure the destruction of the resistant amebic 
cysts along with the much more easily killed pathogenic bacteria. 
The recent epidemic in Chicago might be duplicated in Philadelphia 
if equal opportunities for dissemination should develop. 

The diagnosis of amebic infestation is sufficiently difficult to lead 
us to emphasize further the fact that special experience, skill and 
facilities are essential to accurate reports from laboratories of clinical 
pathology. 

Other amebfB, as well as motile mononuclear phagocytic body 
cells of large size, and Blastocystis are frequently confused with 
E. histolytica. 

The clinical differentiation of amebiasis from chronic ulcerative 
colitis, malignancj’' of the colon, or neurogenic diarrheas, is not 
always possible. 
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Only careful, intelligent microscopic search of an adequate 
number of fecal specimens, properly collected, properly preserved 
and transported, and preferably aided by proctoscopy, can estab- 
lish the diagnosis of acute chronic amebiasis. 

The authors wsh to express their gratitude to Dr. T. Grier Miller for the support 
and encouragement which made this study possible, and to Dr. Herbert Fox for revis- 
ion of the manuscript and helpful suggestions. 
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A TABULATION of the proportion of diabetics developing diabetes 
at various ages gives, of course, only the susceptibilities to diabetes 
of those who have lilted long enough to be attacked by the disease. 
A true picture of the susceptibility to diabetes at various ages is 
given by the ratio of the number of persons developing the disease 
to the number exposed to it at these ages. Thus the rate of mortal- 
ity from diabetes represents the susceptibility of persons to death 
from diabetes. There are numerous tabulations and discussions 
of diabetes death rates, but we loiow of no presentation of the rates 
of onset of diabetes. We propose, therefore, to present here certain 
calculations of the onset rates of diabetes mellitus, and to indicate 
briefly our conception of their significance. 



THE AGE-INCIDENCE RELATIONS IN DIABETES MELLITUS 11 ^ 


Table 1 contains a summary of diabetes onset data collected 
between tbe years 1898 and 1933, and is based upon 9853 cases of 
true diabetes mellitus. In Table 2 we liave made a similar tabula- 
tion of the mortalities recorded as due to diabetes in the state of 
Massachusetts for the years 1901 to 1932.* Derived onset rates 
(Table 3) are based upon the 1920 life tables for the U. S. registra- 
tion area. The employment of any other pertinent life table gives 
substantially the same general result. For purposes of comparison 
we have also presented in Table 3 mortality rates calculated in 
exactly the same way as the onset rates were calculated. 


Table 1. 

—The Age 

OF Onset of Diabetes Mellitus (Experience op E. 
JosuN, 1898-1933). 


Total nutnber of cages per decade. 

Per cent appearing in eaclr decade. 

Decade. 

Males, 

Females. 

Males. 

Females- 

1 . 

. 230 

.232 

4.96 

4.45 

2 

. 336 

332 

7.24 

6.37 

3 . 

. 444 

317 

9.57 

6.08 

4 . 

. 638 

665 

13.76 

10.84 

5 . 

. 1082 

1197 

23.32 

22.96 

0 . 

. .1122 

1677 

24.19 

30.25 

7 . 

. 633 

822 

13.65 

15.76 

8 . 

150 

164 

3.23 

3.14 

9 . 

4 

8 

0.09 

0.15 

Totals 4639 

5214 

100.00 

100.00 

Table 2.— Diabetes as a Cause of Death (Massachusetts 1901-1932), 


Total number of deaths per decade. Per cent appearing in each decade. 


Decade. 

Males. 

Females. 

Males. 

Females. 

1 . . 

238 

259 

2.72 

1.93 

2 . . 

409 

397 

4.68 

2.94 

3 . . 

414 

436 

4,73 

3.23 

4 . . 

543 

539 

6.21 

3.99 

6 . . 

849 

1076 

9.71 

7.97 

6 . . 

1746 

2931 

19,97 

21.72 

7 . 

2515 

4420 

28.76 

32.76 

8 . . 

lOlS 

2740 

18.50 

20.. 33 

9 . . 

412 

694 

4.72 

5.14 

Totals 

8744 

13496 

100.00 

100.00 


The viethod of calculating may be briefly indicated liere. The data for 
each decade of Columns 4 and 5 of Table 1 are taken as expressing the 
number of diabetics appearing in each decade out of 100 diabetics identified. 
Among the males, for example, out of 100 diabetics identified 4.96 are 
aged 0 to_9.9 years, 7.24 are 10 to 19.9 years old, etc. We can determine 
by graphic interpolation the number of diabetics for each year of life. 
Since what we want to know is the ratio of the number of diabetics observed 
to the number of persons “exposed” to the disease, we turn to the 1920 
life tables which give the number of white persons alive in each year of life- 
out of an original quota of 100,000 born alive. Thus, among males, this 
table tells us that out of 100,000 males born alive 91,567 survive to the end 
of the 1st j'ear of life. Our incidence statistics state that by the end of the 
1st year of life 0.43 male diabetics per 100 or 430 per 100,000 have had 

* We nre indebted to the Massachusetts Department of Public Health for the 
data employed. 
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diabetes onset. Tiie ratio 430/91,567 gives us the onset rate for the first 
year of life among males. We have followed this procedure for each year 
of life up to age 90 assuming that diabetes onset does not occur after age 90. 
Columns 2 and 3 of Table 3 give relative onset rates. These are obtained 
bj-- summating the rates for each year of life and setting the total equal to 
100%, and then determining the proportion of tins 100% in each decade. 
For purposes of comparison exactly the same procedure has been followed 
vith the mortality data. We must stress the fact that these calculations 
are of necessity approximations both because of the method of calculation 
employed and because of the fact that the incidence data were collected 
over a period of years when changes in the average length of life and accur- 
ac 3 " of diagnosis undoubtedly affected the age-incidence relations. This 
should be particularty ob^^ous in the mortality data in which we lump data 
from the Naunjm, Allen and Banting eras. We believe, nonetheless, that 
our calculations do present sufficient^ for our purpose the particular aspects 
of incidence relations stressed in the succeeding.paragraphs. 

Table .3. — Relative Onset and Mortality Rates for Diabetes Mellitus 
Derived from United States Life Tables for 1920. 

Relative onset rates. Relative mortality rates. 


Decade. 

Males. 

Females. 

Males. 

Females. 

1 . . 

3.59 

3.22 

1.16 

0.88 

2 

5.41 

4.74 

2.06 

1.37 

3 . . 

7.48 

4.73 

2.17 

1.57 

4 . . 

11.48 

9.06 

3.05 

2.08 

5 . . 

21.24 

20.69 

5.20 

4.51 

C . . 

24.80 

30.48 

12.22 

13.93 

7 

18.18 

19.90 

23.15 

26.49 

S . . 

7.12 

6.23 

25.42 

26.26 

9 . . 

0.64 

0.95 

25.57 

22.91 

Totals 

100.00 

100.00 

100.00 

100.00 


In Fig. 1 we have plotted the relative onset and mortality rates 
for males and females respectively. The onset rates represent the 
susceptibility to the development of diabetes in certain decades, the 
mortality rates represent the susceptibility to dyinff from diabetes 
in these decades. 

Considering the onset rates alone the figures demonstrate that 
for both males and females the maximum susceptibility to the 
development of diabetes occurs in the 6th decade, and our more 
detailed figures show that age 51 among males and age 55 among 
females are the ages of maximum susceptibility. The susceptibility 
of males to the development of diabetes rises steadily to this maxi- 
mum and thereafter declines. Females, however, have approxi- 
mately equal chances of developing diabetes in the 2d and 3d 
decades. Furthermore, their chances of developing the disease are 
uniformly less than the chances of males until the 6th decade is 
reached, when their chances tlien and thereafter are greater than 
those for males. 

To our minds the most significant aspect of these onset rates is 
the declining susceptibility in the later decades. This indicates 



THE AGE-INCIDENCE RELATIONS IN DIABETES 3MELLITUS 119 

that diabetes is not an old-age disease.* It cannot be taken as a 
manifestation of senility. Its onset depends upon a complex ot 
events (presumably endocrinal) ivbich attain their maximum mani- 
festatioii between tbe ages of 40 and 60. If we take the mortality 
rates of diabetes as the basis of an incidence study this situation 
would not be at all clear, for the mortality rates rise steadily until 
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Pio. 1. — Relative onset and mortality rates of diabetes mellitus in tbe various 
decades of life. Full lines; onset rates; dashed lines; mortality rates. The upper 
curves represent the data for females, the lower curves those for males. Abscissa: 
the decades of life; ordinates; relative mortality in per cent. 

the 9th decade (c/. Fig. 1), and even in this decade the slight 
decrease (noticeable only in females) is scarcely significant. The 
mortality rates imply that the older one grows the greater are the 
chances of dying from diabetes (cf. MosenthaF), whereas the onset 
rates indicate that certainly after age 60 is reached the chances of 
developing diabetes decrease. 

* It is interesting to note (1) that diabetics developing the disease after age 60 
usually exliibit a mild diabetes, and (2) that the exact time of onset of diabetes in 
older patients is not as easily ascertainable as in younger diabetics, because the symp- 
toms are less marked and develop insidiously. 
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The basis of this divergent set of expectations lies, of course, 
primarily in the length of time diabetes persists before it causes 
death. If we assume an average duration of the disease of some 10 
to 12 years (and somewhat longer in females than in males) these 
onset and mortality statistics may be taken to corroborate each 
other. A comparison of the onset and mortality statistics indicates, 
furthermore, that the duration of the disease before it terminates 
in death will vary, depending upon the particular age at which it is 
developed. We feel that these data, however, do not justify any 
detailed investigation of this relation between age of onset and 


WHITE MALES 


WHITE FEMALES 



Fig. 2. — The chances of eventually dying from diabetes (upper cun-es) and of 
eventual diabetes onset (lower oun-es). Chances of death are absolute for the death 
registration states of 1920, and arc calculated by the Metropolitan Life Insurance 
CompanjL The chances of diabetes onset are relative, i. c., the chances at birth are 
arbitrarily taken as 10 per 1000 (see text), and are based on the 1920 life tables for 
the death registration states. 


diabetes duration. In fact, the purpose of this communication is 
to draw attention only to the considerations immediately obvious 
when onset and mortality rates are compared. The finding, for 
example, that rising diabetes incidence with age occurs among fat 
diabetics in contrast to a constant incidence in thin persons (cf. 
Joslin*), would cause an alteration in the shapes of the incidence 
curves (Fig. 1), although the proportion of thin diabetics would 
have to be relatively large to alter the general result presented here. 

The mortality and onset rates are age-specific and relate the 
susceptibilities at a given age. Calculations have been made of the 
chances of eventually djdng of diabetes^ (Fig. 2). We have made 
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similar calculations of the chances of eventually developing diabetes 
on the basis of our onset data. Since we have no absolute statistics 
of the number of persons developing diabetes we have arbitrarily 
set the chances at birth as 10 per 1000 and those obtained for all 
succeeding ages are relative to that arbitrary initial assumption. 
Since what we are interested in are the relative chances of eventual 
diabetes onset and evenhial mortality from diabetes this procedure 
is entirely justifiable. Our comparison then deals with the slopes 
of the lines of Fig. 2, not with their absolute values. ‘ It will be seen 
at once that the mortality data indicate that the chances of eventual 
death from diabetes rise to a maximum at age 50 for both males 
and females, whereas the maximum chances of eventual onset are 
had at age 5. Furthermore, the chances of eventual death from 
diabetes begin to decline rapidly at about age 60 and a similar rapid 
decline in onset chances sets in at about age 40. 

We wish to acknowledge the material assistance received from a fund created by 
Mr. and Mrs. Francis P. Garvan. 
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THE PRESENT STATUS OP THE DIAGNOSTIC INTRADERMAL 
TEST FOR HUMAN TRICHINIASIS. 

By Richard D. Friedlander, M.D., 

ASSISTANT RESIDENT PHYSICIAN, PETER BENT BRIGHAM HOSPITAL, 

BOSTON, MASS. 

Recentia’’ Kilduft'e* reported the results of intradermal tests per-^ 
formed on 33 indituduals recovered from trichiniasis following an 
outbreak of this disease in Atlantic City, N. J. He came to the 
conclusions that the demonstration of eosinopliilia in human trichin- 
iasis was not onlj'^ technically simpler than the demonstration of 
the sldn test, but also always feasible; whereas the skin test, requir- 
ing an antigen difficult to prepare, was feasible only when the 
antigen was available; and that the intradermal test in the study 
of human trichiniasis presents no practical advantages over the 
demonstration of eosinophilia. 

It would appear that some recent publications on the use of 
seiologic methods in diagnosing trichiniasis had not come to Kil- 
dufle s attention, since, if these had been consulted, they would 
have given a different interpretation to his results. It is the pur- 
pose of the present communication to minimize any element of 
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confusion wliicli might have been introduced by the paper under 
discussion, and also to review briefly the present status of the 
diagnostic intradermal test for trichiniasis. ' 

In 1932 Augustine and Theiler- reported a critical study of the 
value of skin and precipitin tests as aids to diagnosis in this disease 
in wliich the skin reactions both in man and svdne were described 
in detail and illustrated in color. The intradermal reaction in these 
hosts was found to be of the immediate type and was observed 
to oceur within 5 to 15 min. after the injeetion of the antigen, 
fading of the reactions commencing during the first hour after the 
injection. On the other hand, the reaction in laboratory animals, 
guinea-pigs and rabbits, as described in the early work of Bachman,® 
was of the delayed type, being observed usually 24 hrs. after the 
injection of the extract. The course of the reaction in laboratory 
animals was found to bear no resemblanee to that in man. hlore- 
over these authors noted in their work that many persons were 
naturally hypersensitive to the antigen in eoncentrated dilutions, 
so that in order to rule out non-speeific protein sensiti\dty they 
employed a 1 to 10,000 dilution of the antigen for routine use. 

In 1933 McCoy, Miller and Friedlander'* reported a study in 
which the results of skin tests performed on SS individuals known 
to have had trichiniasis were tabulated. The antigen used in this 
work had been pre^dously subjected to 539 control skin tests and 
in addition control tests were performed on 232 patients in Roches- 
ter, N. Y., 47 in San Francisco and 124 persons in southern Louisi- 
ana. The outstanding conclusions of this work were that about 90 % 
of persons ill with trichiniasis will give a positive sldn test to the 
trichinella antigen, pro^^ded the disease is sufficiently established. 
This period was found to be between 2 and 3 weeks after infection 
in the majority of instances. It was found, in addition, that positive 
reactions obtained vith antigen dilutions of 1 to 10,000 or higher 
enhanced the specificity of the test and were of more definite diag- 
nostic value than, those obtained vdth lower dilutions. Under the 
same circumstances it was felt that a negative test would be of 
relatively greater value in ruling out the disease.* 

Presumably not being conversant vdth this work, lAildufi’e used 
an antigen in a dilution of 1 to 100, did not read his reactions for 
24 hrs. after their execution, and employed Bachman’s classification 
of degrees and type of reaction found in laboratory animals as a 
standard for human infection. His results, therefore, cannot be 
accepted as revealing the diagnostic value of the test. 

Ivilduft'e is correct that the intradermal test has one disadvantage 
which does not apply to the demonstration of eosinophilia, pro%dding 
the latter is present, namely, that the antigen is difficult to jirepare 

* Further confirmation of these observations have appeared in a more recent 
paper by Maternovska,* who concludes that the intradermal reaction in man, labora- 
tory animals and sadne is specific and diagnostic. 
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and hence to obtain. Nevertheless this is very different from demon- 
strating that the intradermal test does not have definite advantages 
over the demonstration of eosinophilia, when the degree of speci- 
ficity of the test is considered. Moreover, it is well known that 
eosinophilia may be present in a large number of other parasitic 
and allergic conditions and, on the other hand, may be' entirely 
absent in acute fulminating cases of trichiniasis terminating fatally, 
even when larvae are demonstrable in the blood -and spinal fluid. 

Summary. Several years’ experience of the author and his 
former associates, as well as that of Drs. Augustine and Theiler, 
with the intradermal test in hospitals in San Francisco, Rochester, 
New York and Boston, where trichiniasis not infrequently occurs, 
justify the conclusion that it is a valuable aid in the diagnosis of 
this disease. 
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Errata. 

We have been informed by the authors that in the March issue of the American 
Journal of the Medical Sciences, on page 378, Paragraph 2, Line 8, the sentence 
should read, “In over 0 per cent of the syphilitic group, the heart muscle was the 
seat of infarction.” 

In Table I. under “Syphilis of aorta,” the number of cases of infarct of the heart 
should be “three" instead of “twelve.” 
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External Diseases of the Eye. Bj’' Donald T. Atkinson, M.D., 
Consulting Ophthalmologist to the Santa Rosa Infirmary and the Nix 
Hospital, San Antonio, Texas, etc. Pp. 704; 479 illustrations. Phila- 
delphia: Lea & Febiger, 1934. Price, $7.50. 

This textbook, dealing isith those conditions of the eye which do not 
require elaborate equipment for diagnosis, covers a portion of ophthalmol- 
ogj’’ in wliich there are no recent publications in English. The copious 
illustrations — all new as far as use in a textbook of ophthalmology are 
concerned — are mostlj'^ photographs of drawings or wax models prepared 
bj"- the author and are almost diagrammatic in the clearness with which 
the pathologic features are delineated. Included in the appropriate sec- 
tions are descriptions and illustrations of numerous ocular compUcations 
of leprosy. 

The text deals with glaucoma, cataract and the ocular muscles, as well 
as in a strict sense the external eye. Operative treatment and technique 
occupies a prominent part of each section of the book and the experience 
and preferences of the author are presented. 

The last tw^o sections contain chapters on the hygiene of the eye and 
prescriptions used in the treatment of ocular conditions. 

The volume is one wiiich should be particularly useful to the general 
practitioner and to the student. The more experienced ophthalmologist, 
however, w'ould prefer greater detail concerning the anatomy of the eye 
and pathology of the conditions described. W. F. 


Diseases of the Skin. By Oliver S. Ormsby, M.D., Clinical Professor 
and Chairman of the Department of Dermatology, Rush Medical College 
of the University of Chicago, etc. With re\dsion of the Histopatholog}’’ 
in this edition by Clark Wylie Finnerud, B.S., M.D., Assistant 
Clinical Professor of Dermatologjq Rush Medical College of the Uni- 
versit}’’ of Chicago, etc. Pp. 1288; 619 illustrations and 3 colored plates. 
Fourth edition, t^horouglily re\'ised. Pliiladelphia: Lea & Febiger, 1934. 
Price, $11.50. 

“ In order to incorporate new material and yet keep, the book reasonable 
in size much reconstruction has been necessary. Thirty-six new^ diseases 
, are described, 20 rewritten and the entire work brought up to date. Some 
.of the more important new afifections are: Tularemia, thromboangiitis 
obliterans, dermatomyositis and scleredema adultorum. The dermato- 
logic literature has been carefuUy review'ed in order that this w'ork may 
reflect its subject as completely as the limits of a single volume permit. 
As heretofore, articles have been selected on the various subjects which 
contain complete bibliography to date of publication, thus reducing the 
number of literature references. These will serve as a guide to the investi- 
gative student in W'orking up any particular subject.” (From author’s 
Preface.) 


Early Science in Oxford. By R. T. Gunther. Vol. IX. De Corde, 
by Richard Lower, London, 1669. With Introduction and Translation 
by K. J. Franklin. Pp. 220; illustrated. O.xford: For subscribers at 
University Press, 1932. Price, £1 Is. 

This, the ninth of the author’s contributions to his studj' of earlj-- science 
at O.xford, presents a facsimile and good translation of Lower’s “epoch 
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making” (in tlie author’s words) treatise on the heart. many Bill 

perhaps recall the Lower’s tubercle of student days but few reabze how 
important this work was in advancing the new knowledge of the heart and 
circulation, so gloriously inaugurated by Hanley a generation earlier. 
Lower’s knowledge of the myocardial layers js a case in point. Biographic 
and bibliographic notices are useful additions, though even more of a 
background for the translation would have been welcome. E. K. 


I reumatismi cronici. By Dott. Riccardo Arrigoni. Pp. 344; illus- 
trated. Pisa: Casa Editrice W. Giardini, 1933-XL (Price not given.) 
The vast literature on chronic rheumatism is systernatically and con- 
cisely reidewed and some original observations added ivith interpretations 
of clinical observations in the light of extensive recent experimental 
advances. All of the well known etiologic factors are discussed in some 
detail, and the variations in joint manifestations, not only in different 
indmduals but also in the same individual at various periods in his life, 
are analj'^zed. The allergic factor is considered one of the most important 
recent contributions and the author believes that in the future studies of 
the allergic state mil furnish the differential criteria between the various 
forms of rheumatism. A. C. 


Annals of the Pickett-Thomson Research Laboratory, Volujie 9, 
Monogr.a.i'h 16, Part 1, Influenza. By Davib Thomson, O.B.E., 
M.B., Ch.B. (Edin.), D.P.H. (Camb.), Honorary Director, Pickett- 
Thomson Research Laboratory, St. Paul’s Hospital, London, and Robert 
Thomson, M.B., Ch.B. (Edin.), Pathologist to the Pickett-Thomson 
Research Laboratory. Pp. 640; 28 plates of illustrations, various charts 
and tables. Baltimore; The Williams & Wilkins Company, 1933. 
Price, .812.50. 

Part I of tiffs Monograph on Influenza deals especially vffth the “ Part 
pla 3 'ed bj" Pfeiffer’s Bacillus, Streptococci, Pneumococci, etc., and the 
Virus Theory.” It is, however, a monumental compilation of the literature 
(both foreign and .^erican) dealing with Iffstory, epidemiology, sympto- 
matology (differential diagnosis), mortality and bacteriology of the disease 
supplemented bj'- personal observations. 

The authors are conservative in their conclusions regarding the various 
bacteria thought at different times to be etiologic agents of the disease, 
stated, that “although there is much doubt as to whether or not Pfeiffer’s 
bacillus is the primary cause of _ influenza; there is an almost unanimous 
agreement that it is the most important secondary invader, even more 
than the pneumococcus and the streptococcus, and that it is responsible 
for the great majority of the cases of fatal bronchopneumonia and manj’' 
other complications. In these cases it occurs in enormous numbers and 
dominates the picture” (page 516). Thej'’ feel that whatever the primary 
cause, ‘the disease verj' quicklj' becomes a symbiotic infection in ■which 
the bacteria play a most_ important and dangerous role” (page 568), al- 
though the eiddence is “insufficient to prove or disprove any etiological 
relationship between B. pneumosintes and epidemic influenza” (page 590). 
Ihej' conclude that the most recent work is “consistent with the vdew 
that epidemic influenza in man is caused primarilj'' by iffrus infection” 
v’pS*) "but cannot accept the eiffdence, as at present presented, as 
dehnite proof that the filterable lirus influenza has been cultivated;” 
(page G28.) ’ 

Iheir onn contribution consists of the continued sj'stematic studj'^ on a 
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standardized Ciwve’s medium of chocolate blood agar mth idiotographic 
records of the cultures of the bacterial flora of the throat and sputa of the 
personnel of their research laboratorj", at frequent intervals for the past 
4 years. These “normal” findings were checked against cultures at the 
beginning of a catarrhal infection. Their results were reported in 1929, 
indicating that “normal” flora is 90% streptococcal, var 3 dng ever,v week, 
even in health. They found that a streptococcus caused an epidemic of 
influenza in 1927 and that one of a different type was occurring in large 
numbers in the epidemic of 1929. From these findings they “suggest, 
therefore, that the so-called influenza epidemic ma}' be due to virulent 
streptococcal infections of the respiratorj* tract and that these strepto- 
coccal infections maj'- varj' mth the various epidemics” (page 561). 

The type is clear, photographic plates are excellent and the entire mono- 
graph forms a fitting companion to the pretyousty published volumes. 


The Cortical Localisation of Cerebral Function. By Professor 
J. Sh-aw Bolton, M.D., D.Sc., F.R.C.P., The Henderson Trust Lectures, 
No. XII. Pp. 23; 23 illustrations. Edinburgh: Oliver and Boyd, 1933. 
Price, 6 d. 

This lecture is an elaboration of an article published by the author about 
30 j’^ears ago (Further Advances in Ph 3 'siology). It gives an excellent 
sumraar 3 ' of the comparative anatom 3 ’’ of the cerebral cortex and of the 
light thrown upon its function 63 ”^ ps 3 "chiatry and pathology. It concludes 
with an interesting review of the important recent paper b 3 ' Fulton, Jacob- 
sen and Kennard in Brain, \’-ol. 55, 1932, on the function of the premotor 
area. G. McC. 


Bacteriology for Medical Students and Practitioners. By A. D. 
Gardner, D.M., F.R.C.S., Fellow of University College; Oxford Member 
of Research Staff, Medical Research Council. Pp. 276; 31 illustrations, 
27 tables. New York: Oxford University Press, 1933. Price, S2.25. 
“The chief aim of this book is to present shortly, readably, and relevantly 
as much of the vast subject of bacteriolog 3 ' as a medical student or prac- 
titioner needs to know; leaaing details of technique to a practical course, 
and emphasizing the wader biological relations of microbe and man.” 
Adherence to this aim, as set forth in the author’s preface, enabled this 
huge subject to be treated in a small volume. Pathogenic bacteria, fungi 
and protozoa, as W’ell as filterable viruses, bacteriophage and immunology, 
have been considered. The material present — of coui'se, onl 3 " the bare 
essentials— is up to date. It might be found a little too elementar 3 ’- for 
present-da 3 '- medical students, but it should be helpful to practitioners 
who have been unable to keep up with the recent advances in bacteriology 
and immunolog 3 '. It should certainty prove to be highly interesting to 
la 3 unen, H. M. 


The Genius of Louis Pasteur. B 3 ’- Piers Compton, Pp. 361, illus- 
trated. New York; The Macmillan Compan 3 ’^, 1932. Price, S4.50. 
Like his subject, the author of this appreciative “life” has keen regard 
for the human side of his subject matter. He sees Pasteur as the scientist, 
to be sure, who “in the interests of his dedication, was forced to live some- 
what apart,” yet as “one who worked solel 3 ' for the human element.” 
Admitting that tliis feature lends warmth to the picture and even can be 
said to have helped Pasteur toward liis great discoveries, it should also be 
recognized, as the author has appareutl}' failed to do, both that it at times 
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worked to the detriment of the finished product and also that similar inten- 
sities focussed too sharply on one geographical area have marred the con- 
tributions to our civilization of other great Frenchmen. The “grandeur of 
science” must be mingled by Pasteur with “the grandeur of France,” on 
the bright side exemplified by his willingness to give the hydrophobia treat- 
ment to Louise Pelletier, a hopeless case (p. 313), on the narrower side by 
his attitude during the Franco-Prussian war. At the point of death in his 
paralytic attack (1868), he was heard to murmur, “I am sorry to die, I 
wanted to do so much more for my country.” Wliat he lived to do is known 
to all, and the appreciation of the French people is shown by the popular 
vote, easily placing him as the greatest Frenchman of all time. This vivid 
depiction of an heroic personality should give pleasure to many wbo perhaps 
are unfamiliar with Vallery-Radot’s fascinating “ Life” and with the exten- 
sive biographical material that already exists in English. E. K. 


Medicine in Virginia in the Nineteenth Century. By Wyndham B. 

Blanton, M.D. Pp. 466; illustrated. Richmond, Va.; Garrett & 

Massie, Inc., 1933. , Price, S7.50. 

This, the third volume covering the three centuries of Virginia medical 
history, completes the task undertaken by the author for the sponsors of the 
work, the Medical Society of Virginia. What it lacks in the picturesque- 
ness of the pioneer and colonial figures it compensates for in the importance 
of the accomplished work that is portrayed. The story of the rise of 9 
medical colleges in a half centurj’-, and their later consolidations, typifies 
current conditions in this country. In the first half century one is surprised 
to learn the numbers of Virginians who graduated from Northern institu- 
tions: in 1819, from the P. _& S., 9 from Virginia and 15 from New York; 
from Pennsylvania, 37 Virginians, 21 Pennsylvanians. In 1841, there were 
36 Virginia graduates in a Pennsylvania class of 109; at Jefferson 12 out of 
59, and so on. IVliUe the ground covered by the 18 chapters of this invalu- 
able reference book is much too extensive for notice here, we note udth 
special interest the chapters on medical societies, journals, the specialties, 
cults, hospitals and epidemics. E. K. 
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PULSE WAVE VELOCITY. 

The increased importance year by year of degenerative cardiovascu- 
lar disease, portrayed strikingly in our mortality statistics, has renewed 
witli vigor in the past decade the pursuit of studies in arterial function. 
These studies in a large part hinge upon a study of arteria,! elasticity, 
the ability of an artery to stretch a certain amount witli a given change 
in pressure, for arterial elasticity is a measure of arterial efficiency. 
An index of such efficiency is desirable as a functional test by which 
the normal and abnormal arterial state may be detected. Measure- 
ment of the velocity of the pulse wave has been practically the only 
method of measurement of this function in significant segments of 
arteries for the past .50 years. 

The evolution of apparatus for the measurement of the velocity 
of the pulse wave, thought to have reached its height in the discard 
of ponderable mechanical levers by O. Frank, in the past decade has 
continued to advance vdth the introduction of electrical recording 
units. Brarawell, Hill and McSwiney^ describe and use the hot-wire 
sphyginograph. This instrument is based on the principle that a 
current of air, passing over a hot platinum wire, cools the wire and 
changes its resistance. Puffs of air from a recording cuff over an 
artery pass through a tube containing a hot platinum wire, changing 
its resistance. With the aid of a Wffieatstone bridge this change in 
resistance produces a current which flows through the string of an 
Einthoven galvanometer, thus graphically recording the pulsation. 
Because of the relatively enormous surface of the small platinum wire 
(.3000 sq. cm. per cc. of metal) cooling takes place at a rapid rate and 
very small puffs of air are sufficient to cause a rapid change in resist- 
ance. Bramwell- states that lag and inertia are entirely abolished 
and commencement of upstroke is clearly defined. However, the 
metliod is cumbersome, produces a diphasic response, and does not 
permit the study of wave form. 

Turner^ has described a superior recording unit. Carbon grain 
microphones are placed over the arteries to be studied. As the pulse 
wave passes under tlie microphone tlie resistance in the microphone is 
changed, var^dng the current flowing tlmough the instrument. The 
current passes tlirough a string galvanometer, recording beautiful 
spn.Vgniographic tracings. This technique possesses all the advantages 
claimed by the hot-vire method with none of the disadvantages. 
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Furthermore, the lag entailed in the conduction of air through tubing 
is entirely eliminated. 

More recently Mantoba'^ has described a recording system consisting 
of a condensor and an electric amplifier with the 3-electrode vacuum 
tube. “The movement of the pulse is conducted to the variable con- 
denser, and this tiny movement causes a great change in the direct 
current of the detector, and this is photographed with the oscillo- 
graph.” Excellent sphygmograms are obtained and measurement of 
pulse wave velocity could be done easily by this technique. 

The determination of pulse wave velocity as an indication of a 
diseased arterial state depends necessarily on a knowledge of the 
normal variation. However, investigations on pulse wave velocity in 
the healthy individual have not disclosed as yet limits of normal which 
are generally accepted. The variety of methods used, from the early 
ponderable lever instruments through the segment capsule of Frank 
to the newer electrical instruments, have given a wide variation in the 
figures for normal range. We shall consider here only the results of 
the more modern technique. 

Most workers do agree that pulse wave velocity increases with age. 
Bramwell, Hill and McSwiney,‘ in 74 subjects from 4 to 84 years of 
age, obtained pulse wave velocities from 4.7 to 8.6 meters per second, 
showing a definite relationship between age and velocity, the velocity 
increasing with the age. The gr-eatest deviation from the mean curve 
for different ages was less than 1 meter per second. Since pulse wave 
velocity is a measure of arterial elasticity it can be seen from these data 
that arterial elasticity diminishes with advancing age. 


I Ec 

Moens’ original formula^ is p V is the pulse 


wave 


velocity E the coefficient of elasticity of the artery for lateral expan- 
sion, c the thickness of the arterial wall, r the radius of the artery in 
diastole and p the density of blood. This equation has little practical 
value because V, c and r are all unknowns and c and r are difficult to 
determine. Because of this unwieldy formula Bramwell and Hill® 
derived a formula which by conversion to percentage values finally 
gave the following relationships: 


-y/ % increase in volume per mm. of Hg increase in pressure 

With this formula only one observation (V) is required from which one 
can calculate the extensibility of the arterial segment studied. 

Calculation of the elasticity of the arteries for different age groups 
by this formula shov’ed that the value is practically halved from 10 
to 60 j'ears, adequately explaining the vddening of pulse pressure and 
increase in systolic pressure with age. 

Beyerholm^ obtained similar results in variation with age, the pulse 
wave velocity varying from 4.06 to 8.17 meters per second in an age 
group from \\ to 78 years. The indi\udual values, however, are 
slightly higher than those of Bramwell and In's co-workers. Hafkes- 
bring and Ashman,’® using an optical method, obtained a range from 
5.8 to 10.3 meters per second in 90 normal subjects, results which are 
still somewhat higher than those of Beyerholm. 
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In all the determinations the diagnosis of a normal indi\idiial or one 
without a certain degree of arteriosclerosis after the sixth decade of 

life is doubtful. , • i t 

The relationship of arterial caliber to pulse wave velocity has been 
a little studied although significant factor. It is only recently that 
convincing proof of the relationship put forward in hloens formula 
56 years ago has been demonstrated satisfactorily in the intact artery. 
Bazett and Dreyer® showed that the pulse wave velocity in the brachial 
and radial arteries was faster and more variable than in the aorta 
and femoral. Fulton and McSwiney® confirm these findings. The 
study of the effect of arterial caliber as a single variable upon pulse 
wave velocity in circulatory schema has not been done satisfactorily. 
The interrelationship of arterial caliber and arterial tone also remains 
unsolved. 

In contrast to the few investigations on arterial caliber the effect of 
diastolic blood pressure upon the elasticity of the arterial wall has 
received much consideration. The thesis that increased blood pressure 
stretches the artery to a more inelastic state, in this way increasing the 
pulse wave velocity, has been the explanation of variations in pulse 
wave velocity with changes in diastolic blood pressure. Bramw'ell, 
Downing and Hilh” have determined the effect of blood pressure on 
pulse wave velocity in the isolated human artery by the hot-wire 
technique. Mercury was used as a medium to replace blood because 
it gives a time interval 3.58 times as long and is much more accurately 
measurable. By tins technique a definite close relationship between 
blood pressure and pulse wave velocity was demonstrated, although 
it must be admitted that the results upon an extirpated artery, stripped 
of its anatomic and physiologic relationships to other tissues in the 
body, cannot be applied wholly to the intact animal. 

Demonstration of a similar relationship between blood pressm’e and 
pulse wave velocity in the intact artery in the human has not been 
uniformly successful. Bazett and Dreyer,® Bramwell, Hill and Mc- 
Swiney,' Hickson and McSwiney” state that pulse wave velocity in 
normal individuals varies with diastolic pressure. Sands'- confirms 
these results. Otliers, however, are not in full accord. Pulton and. 
McSwiney® were unable to establish a relationship between arterial 
blood pressure and pulse wave velocity. The results of Hafkesbring 
and Ashman'^ are interesting in that they' obtained a significant cor- 
relation among women but not among men. Sands,'- in 14 cases of 
aortic regurgitation, found no significant change in the range of pulse 
wave velocity and no correlation with the lowered diastolic blood 
pressure. 

Mhile blood pressure, arterial size, and age have long been considered 
the important factors affecting the pulse wave velocity in the normal, 
failure of various observers to confirm results of others suggest that 
some other factor is operative. In recent y'^ears another most impoi’- 
tant factor lias gradually' taken its place as an important variable 
affecting pulse wave velocity. This factor is arterial tone, which 
affects arterial elasticity' presumably' through its effect on smooth 
nniscle. I have already' referred to the variable pulse wave velocity' 
obtained by Bazett and Drey'er in the peripheral muscular arteries. 

^ possibility' that local conditions of vasoconstriction 

or dilatation were operative in these determinations. Heming^vay', 
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McSwiney and Allison‘S determined tlie pulse wave velocity over 
segments of brachial artery in which they had varied the effective pres- 
sure upon the arterial wall bj' means of a wide armlet under variable 
pressure. Their calculation of arterial elasticity from these e-xperi- 
ments led them to a classification of arteries into hj'perextensible, 
normal and hj^poe.xtensible tj^es. This classification of arteries and 
divergence of their results from the age incidence curve led McSwiney 
and his associates to believe that smooth muscle tone influenced arterial 
extensibility. Presumably, they state, this may be influenced by 
nervous mechanisms through the vasomotor center so that structures 
with the same histologic appearance may differ widely’’ in their actixaty. 
It may be asked, if determinations were made repeatedly at different 
sittings on these same indixdduals, whether the same person may at 
one time fall into the hj-perextensible, at another into the hypoextens- 
ible or normal groups? This question is not as yet answered. 

As long ago as 1917 Dawson’® presented conclusive proof of changes 
in arterial elasticity independent of blood pressure. He varied the 
blood pressure in dogs by nerve stimulation and noted that “the curve 
of elasticity would, after rising steadily in correspondence with the 
rise in pressure, suddenly fall or begin to oscillate up and down. Con- 
sequently, if one would determine the rate of transmission the pulse 
wave for a pressure of 60 mm. he might find 10 minutes later that this 
value corresponded to an entirely different pressure.” He concludes 
that insofar as the pulse wave velocity may be regarded as an index 
of arterial elasticity it indicates that in the liHng animal the coefficient 
of elasticity is irregularly variable, and it is suggested that this varia- 
bility may be due to changes in the tonus of the vascular walls. 

Reuterwall’® plotted extension curves of extirpated arteries in tests 
made in rapid succession. Differences were found betu'een successive 
curves. Treating the same arteries uith adrenalin modified the shape 
of the curves. The arteries used were of the muscular t 3 q)e. 

jMore recenth’ Turner and Sodeman’* have done repeated determina- 
tions of pulse wave velocity in the same indiHduals to determine 
spontaneous fluctuations. Their data show that pulse wave velocity 
.maj’- varj- widelj* in tlie same indiHdual from time to time, the deter- 
minations often being in what has been considered the absolutely 
abnormal range onlj" to retiun later to the so-called normal range. 
These results not only change the concept of normal range of pulse 
wave velocitj* but demonstrate clearlj’- frequent changes in arterial 
elasticity which the^’’ suggest are changes in smooth muscle tone 
dependent upon vasomotor responses. 

The use of pulse wave velocity as an indication of disease has been 
applied cliiefij' to arteriosclerosis, aneurj'sm and hypertension. The 
relationship of pulse wave velocity to hj'pertension is usually' e.xplained 
upon the basis of stretch of the arterial wall to a less elastic state, thus 
causing an increase in pulse wave velocity. Be^'erholm," from his 
investigations, concludes that blood pressure and pulse wave velocity 
are not directlj’ proportionate in their changes. Turner and Herrmann’® 
noted that, in some indiHduals witli h^-pertension, pulse wave velocity 
actuallj’ increased when blood pressure was lowered with nitrites. 
These results seem to indicate that influences other than simple stretch- 
ing, as in a rubber tube, are operative in hjq)ertension. 

The thickness of the arterial wall was indicated bj’^ IMoens in his 



MEDICINE 


.133 


formula as a factor influencing pulse wave velocity In tlie normal 
indi\ndual this factor is of minor importance. Arteriosclerosis, by its 
increase in the thickness of the arterial wall, as well as by the changes 
in the wall which reduce its elasticity, with a resultant more rigid tube, 
would lead to an increase in pulse wave velocity. Bramwell and lElP® 
advocate the use in clinical medicine of pulse wave velocity determina- 
tions as direct objective e\ddence in the diagnosis of arteriosclerosis 
and aneurysm. In the light of investigations of others, however, their 
suggestions seem premature. Increase in pulse wave velocity is not a 
constant finding in arteriosclerosis. Sands’- says “tliat from a series 
of 30 cases of arteriosclerosis in some instances tlie velocity of the pulse 
wave is increased and in otliers decreased.” She foimd in circulatory 
schema that tortuosity slowed the velocity and believes she can explain 
the slow velocities on these irregularities of lumen and tortuosity 
great enough to overcome the lessened expansibility. Measurements 
of tortuous arteries are also inaccurate, for the tortuosity cannot be 
measured in the intact individual. Beyerholm,“ in 26 individuals, 
25 of whom had arteriosclerosis demonstrable by roentgenography, 
obtained values averaging 7.52 meters per second, a value a little less 
than tlie average for indiinduals of more than 60 years of age. He 
does not consider winding of the artery, which he has measured in some 
instances by dissection postmortem, sufficient to account for tlie dis- 
crepancy between the general conception and his results and states he 
has not made a deeper investigation of the problem. It can be seen, 
therefore, that pulse wave velocity as an objective indication of arterio- 
sclerosis is not infallible. The results of Turner and Sodeman, together 
with the remaining evidence that changes in arterial tone are important 
in varying arterial elasticity, indicate that pulse V'ave velocity alone 
when it is elevated cannot be considered as e\ndence of organic changes 
causing increased arterial rigidity, and that temporary or transient 
variations in arterial tone must be ruled out. Until an adequate 
method of distinguishing tliese two factors is forthcoming pulse wave 
velocity alone, ivhen increased, will be of little use in diagnosis of 
arteriosclerosis. Furtliermore, since demonstrable arteriosclerosis may 
be present when pulse wave velocity is in normal range, low pulse wave 
velocity does not eliminate tlie possibility of arteriosclerosis being 
present. 

Interpretation of low pulse wave velocity in arteriosclerosis has not 
as yet been attempted by workers in tliis field further than we have 
indicated. _ One must assume that all sclerotic arteries have not lost 
their elasticity. Arterial tone response to vasomotor stimulation must 
be investigated. Plesclr’ has helped open the way to such studies 
in his consideration of arterial tone. He considers tlie primary cause 
of arteriosclerosis a weakening of the muscular and elastic elements 
of the walls of the bloodvessels. If tlie weakened bloodvessels are 
unable to offer sufficient resistance to the blood pressure they become 
stretched and dilated. Whether or not this is the true situation, 
Plesch’s work has stimulated tlie study of arterial tone. He sets for 
arguments to support his Hews which, although not convincing in 
themselves, are supported by oscillometric tracings. 


W. A. S. 
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CALCIUM METABOLISM AND FACTORS INFLUENCING ITS 
PHYSIOLOGIC AND PATHOLOGIC VARIATION. 

Tetany and spasmophilia have been recognized for years and the 
relation of parathyroid extirpation to the development of surgical 
tetany is so well established that preservation of parathyroid tissue in 
thyroidectomy is an essential responsibility of the surgeon. However, 
more attention has been attracted to the problem of calcium in the 
human mechanism during the last decade to the extent that a greater 
knowledge of its importance in maintaining a physiologic balance has 
been developed. This development has explained some of tlie condi- 
tions which before were classed from the etiologic standpoint as idio- 
pathic. Among tliese conditions are tetany and spasmophilia. This 
subject may be said to be in a state of flux, and an attempt to review 
the literature may result in a certain amount of confusion; but because 
the evidence shows that calcium is a most important factor in the 
normal growtli, development and wellbeing, especially in children, this 
presentation is oft'ered. 

Brown and Tisdall' state that there are at least 10 inorganic elements 
which are absolutely e.ssential for life, namely, sodium, potassium, 
calcium, magnesium, phosphorus, chlorin, sulphur, iodin, iron and 
copper. “From the standpoint of the practising physician, we are 
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fortunate in having to watch the supply of only 3 of these elements, 
because anj' reasonable diet will furnish the other < elements in ade- 
quate amounts. The supply of the 3 elements, calcium,^ iion and 
iodin, however, should not be left to chance. Although calcium is the 
fourth most widely distributed element in the earth s crust, its occur- 
rence in foods is quite limited. Our 2 chief sources of calcium aie 
milk and leafy vegetables. As regards the child’s diet, it may be stated 
that it is absolutely impossible to furnish an adequate amount of 
calcium unless liberal amounts of milk are given. Tins can be demon- 
strated readily by the following facts; A diet comparable to that 
found in many uninformed families composed of rolled oats and bread 
and butter for breakfast; beef, potatoes, carrots, cabbage and rice for 
dinner; potatoes, bread and butter, and honey or jam for supper, with 
4 ounces of fluid milk to go on the rolled oats and rice— supplies only 
0.3 gm. of calcium. A'et the average 10-year-old child requires approx- 
imately 1 gm. of calcium each day. The additional 0.7 gm. of calcium 
required can be furnished by 1 pint of milk per day, or a total milk 
intake of 24 ounces per day. If all of the milk is omitted, the amount 
of calcium furnished by the remaining portions of the diet is reduced 
to the absurdly low figure of 0.17 gm. It is thus evident that we 
depend mostlj’^ on milk to supply the large calcium needs of the growing 
child.” 

Daniels, Hutton, ct al.- studied the relation of the ingestion of milk 
to calcium metabolism in children. As regards their results they 
comment in part as follows; “The amount of calcium that a child 
retains at any given time would seem to be a measure of his physiologic 
needs at that particular moment, provided enough is available. Single 
studies cannot determine how much calcium a child of a given age 
should retain. Balance studies should be made with the same children 
over a considerable length of time until one can be reasonably sure 
that they are physiologically full. It seems probable that diets which 
seemingly have resulted in low retentions have done so, not necessarily 
because the diets were too low in the given constituent, but because the 
child being studied needed less and, therefore, took from the amount 
oflered only what he needed. This sometimes has been little, some- 
times more. From the results herein reported, it seems clear that 1 pint 
of milk, when included in a diet which supplies approximately 23% of 
its calcium from other sources, Avill supply enough calcium for normal 
children of the ages studied when a sufficient amount of vitamin D 
or sunshine is allowed. Whether sufficient calcium will be obtained 
from diets containing 1 pint of milk when less calcium is given from 
other sources remains to be determined. Studies of diets which include 
lower levels of calcium and protein are now in progress.” In sum- 
marizing their entire work they say: “Retentions of calcium, phos- 
phorus and nitrogen have been determined in children recei^^ng diets 
difiering chiefly in the amounts of calcium, which was furnished by 
1 pint and 1 quart of milk respectively. Although wide variation was 
found to e.vist in the amounts of these essential constituents retained 
by diflerent children of approximately the same ages and i)y the same 
children under varjdng conditions of diet and of vitamin D, the results 
indicate tliat 1 pint of milk will supply sufficient calcium for the normal 
child between 3 and 5 years of age, pro\dded the diet furnishes enough 
protein, phosphorus and ^•itamins from other sources. The marked 
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differences in the amounts of the various constituents of growth retained 
by the same children under varjdng conditions appear to be due to the 
physiologic conditions of the children at the time of the study and to 
their potentialities of growth. Those who had been previously well 
nourished retained more of the constituents of growth than did those 
who had been well fed. Normal children between 3 and 5 years were 
found to retain from 3 to 10 mg. of calcium, from 6 to 8 mg. of phosphorus 
and from 34 to 90 mg. of nitrogen per kg. It is suggested that the 
high retentions reported in pre^^ous investigations may have been due 
to the fact that the children under observation were more or less 
depleted in the substances studied.” 

Jeans and Stearns,^ in reference to the retention of calcium and tlie 
development of bone on diets of evaporated milk, write: “The reten- 
tion of calcium by tlie different infants and by the same infants at 
different periods showed considerable variation, but in general was 
high. In those periods in which there were definite symptoms of 
overfeeding (increased frequency of stools), the retention of calcium 
was decreased. Lowered retentions were observed also after apparent 
recovery from the infection. During the latter period tlie infants 
suffered from tlie lack of appetite. The serum of each infant was 
analyzed for calcium and inorganic phosphorus at intervals during 
the study. The values for calcium ranged between 10.2 and 12.1 mg. 
per 100 cc. The inorganic phosphorus values were higher than is 
often reported as normal, varying (with one exception) from 5.2 to 
7.3 mg. per 100 cc. These high phosphate values have been observed 
for several successive years in this clinic in well children given a high 
intake of calcium and phosphorus, together with cod liver oil . . . .A 
study of the rate of ossification was undertaken by hliss Idell Pyle, of the 
Child Welfare Researcli Station of this university. (University of Iowa.) 
The average rate of ossification for the group of babies given evaporated 
milk was definitely above the average for Iowa infants. None of the 
infants was below tlie Iowa average; the 2 largest infants were usually 
within the Iowa average range, sometimes having an increased rate, and 
the others of tlie group were well above the Iowa average in the rate of 
ossification of carpal areas. An increased rate of deposition of minerals 
in bone and an increased rate of skeletal growth of the infants 
are indicated by the high mineral retentions, early carpal ossification, 
rapid growth in length and the entire absence of elinical or chemical 
eiddence of rickets. The same factors offer abundant evidence that 
the amount of calcium retained from evaporated milk feedings, when 
these are accompanied by the dietary additions used with these 
infants, is amply sufficient to proidde for excellent growth and develop- 
ment of bone. This finding is perhaps of partieular interest in view 
of the retention of calcium observed in infants on pasteurized milk 
and is in line with the observations of Willard and Blunt, and of 
Kramer, Latzke and Shaw. Willard and Blunt found that evaporated 
milk is slightly superior to pasteurized milk as a source of calcium, 
phosphorus and nitrogen for children. Kramer, Latzke and Shaw 
observe that pasteurized milk gives less favorable calcium balance than 
evaporated or fresh milk . . . .” 

Stearns'* summarizes his results as follows: “The excretion and 
retention of nitrogen, caleium and phosphorus of an infant fed milk 
and various soy bean preparations have been determined. The rela- 
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live proportions of nitrogen, calcium and phosphorus ingested differed 
^^^th the diets. An increase in the relative intake of nitrogen and 
calcium, as compared to the phosphorus intake, resulted in an insufS- 
cient retention of phosphorus. Under these conditions the urinary 
excretion of calcium ivas tremendously increased, and the uiiiiary 
phosphorus markedly decreased. The excessive excretion of calcium 
in urine noted with two of the diets is interpreted as evidence of an 
absorption of calcium greatly in excess of the amount wliich can be 
deposited in bone with the limited quantity of phosphorus available. 
The marked alteration in urinary secretion of phosphate was vuthout 
apparent effect on the excretion of sulphate and clilorid in urine. 
Excessive excretion of calcium in the urine was accompanied by a 
shift in the mode of excretion of the other bases, decreasing the excre- 
tion in urine and increasing the fecal excretion. The altered calcium 
metabolism does not seem to affect the retention of fixed bases otiier 
than calcium. The substitution of dicalcium phosphate for calcium 
carbonate in the soy bean food improved the relative retentions of 
nitrogen, calcium and phosphorus. The modified soy bean food, from 
our observations, appears to be a satisfactory food for infants. It is 
concluded that in the feeding of infants the relative proportions of 
nitrogen, calcium and phosphorus in the diet are fully as important as 
the absolute intake of these elements. From the results of this study, 
it is suggested that, as the relative proportions of these elements in 
cows’ milk allow adequate retention, this ratio seems a safe guide to 
follow.” 

From the foregoing it is seen that there is a definite relationship 
between calcium and other elements. Later will follow abstracts indi- 
cating the role played by the endocrine system in influencing this 
balance vith special reference to the parathyroids. A paper entitled 
"The Effect of Calcium on the Storage of Colloid in the Thyroid Gland ” 
suggests a reversed effect on another component of the endocrine sys- 
tem. Klein*’ made a series of studies on 36 young white rats. He 
introduces his presentation as follows: “For some time iodin has been 
emphasized as the most important factor in thyroid function. Iodin, 
however, is only one factor. Calcium is another element necessary to 
proper thjToid function. Various aspects of the problem have been 
discussed by Berry, Hellvdg, Kottman, Abelin and Thompson. As 
tile latter has stated, both calcium and iodin exert important influences 
on the thjToid, the normal function of which seems to depend on a 
proper relation between these trvo elements. Calcium in limestone 
areas has been stressed as an important factor in tlie causation of goiter, 
through a water supplj'’ rich in this element. More recently Hellwig 
has demonstrated that excess of calcium in the presence of iodin 
deficiency causes hj^ierplastic changes in the thyroid. The results of 
his investigations suggest again that normal thyroid function may 
depend on the conjoint action of calcium and iodin. The purpose 
of my study is to determine what influence calcium exerts in the storage 
of colloid in the tliyroid, particularly in the presence of tb;yTOglobulin 
as well as of an excess of iodin in the water suppfy. The investigation 
was begun as the result of an interesting clinical experience in which 
the administration of calcium exerted a definite cm-ative effect in acute 
h3'])erthjToidism. This raised tlie question: What effect has calcium 
on the function and structure of the tlijwoid gland wliicli gives it thera- 
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peutic properties in clinical hyperthyroidism?” He summarizes his 
results as follows; “Calcium either by mouth or hj^ioclermically 
increases tlie amount of colloid in the thyroid gland in the rat in the 
presence of thjTOglobulin and iodin. Intercurrent respiratory infec- 
tion may cause a decrease of colloid storage and of hyperplasia. E\’en in 
these animals calcium increased tlie storage of colloid. The therapeutic 
action of calcium in hj’-pertliyi-oidism may be due to this property of 
increasing colloid storage in tlie presence of an excess of thjToglobulin.” 

On the other side of the picture the parathyroid glands are a part 
of the mechanism concerned •w'itli calcium metabolism. Removal of 
these results in tetany, a clinical picture associated with 'low serum 
calcium concentration. Schelling and Goodman® treated 2 patients 
suffering from postoperative parathjToid tetany with low phosphorus 
diets. This procedure was based on the known relationship between 
serum calcium and serum phosphorus concentration. Studies were 
made of the effect of calcium, magnesium, parathyroid extract and 
vitamin D on the concentration of calcium and inorganic phosphorus 
in the serum and on the excretion of these substances in the urine. 
They state: “The advantages of the low phosphorus diet in the 
treatment of parathyroprivic tetany are as follows; (1) It prevents 
phosphorus retention and thereby allows the serum calcium to approach 
non-tetanic levels. (2) Less calcium is needed to rid the body of the 
retained phosphorus as the insoluble salt. (3) It minimizes or dispenses 
with the use of parathjToid extract in cases witli marked phosphorus 
retention and thus reduces the possibility of metastatic calcification 
and renal impairment. (4) It obrnates the use of vitamin D, since its 
administration in the presence of phosphorus retention may predispose 
to metastatic calcification. (5) The diet may be derived from a 
variety of food substances and thus eliminates the monotony of eating 
the same articles of food daily. (6) The treatment may be continued 
at home witliout inconveniencing the patient and without the need of 
too frequent analyses of tlie blood for calcium, as when parathyroid 
extract is used. Menus for low phosphorus diets may be easily cal- 
culated from tables given by Sherman and by Simmonds. The added 
calcium may be given as the lactate or the carbonate and the magnesium 
as the lactate, to prevent transient or permanent tetany, in renal 
rickets and in nepliritis with phosphorus retention. The use of high 
calcium diets for the treatment of nephritis with phosphorus retention 
was pre\’iously suggested by Briggs.” 

Craig^ introduces report of a case of tetany of tlie newborn by saying 
tliat the medical literature is rich in statements that tetany does not 
occur in the newborn. Many instances of convulsions in the newborn 
undoubtedly are cases of tetany. Perhaps many pediatricians and 
physicians have erred in the same manner as tlie Reviewer in failing 
to publish their cases of convulsions in the newborn responding favor- 
ably to the injection of calcium solutions. Craig says: “The striking 
factors in this case were the absence of marked tetanic symptoms, 
such as true spasticity and cardopedal spasm and the rapid response- 
to calcium medication. I think that any newborn child having con- 
i-ulsions when the spinal fluid is negative should have the therapeutic 
test of calcium administration, regardless of the lack of the more 
classical signs and sjTnptoms of so-called tetany. Certainly no harm 
can be done. The purpose of reporting this case is to emphasize that 
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convulsions in the first few days of life may not be due to birth hemor- 
rhage, that the symptom complex, tetany of the newborn, does occur 
in tlie early days of life. Whenever there' is doubt, the infant should 
be given the benefit of calcium medication.” 

SmalP reports a case of tetany developing on the 9th day of life. 
His patient, at the age of 3 years and 9 months, had made normal 
mental and physical progress with no recurrence of tlie conrmlsions. 
His comment is quoted: “Benita Wolff quoted by Klose bases con- 
siderable importance on increase of irritability, and says, ‘Chvostek 
sign is pathognomonic,’ and does not accept a diagnosis without evi- 
dence of increased galvanic irritation. In the light of the work of 
Stevenson, Mitchell and Koch, who found in normal newborn infants 
from 12 hours to 21 days, that a Chvostek sign occurred consistently 
without serologic or electric evidences of tetany, also in view of the 
fact that the case herein reported as well as Power’s case not showing 
a Chvostek sign, this sign is made of questionable importance. It 
certainly removes it from the category of ‘pathognomonic signs.’ At 
the present time the consensus o^opinion favors tlie view that a lowered 
blood calcium is the pathognomonic sign of tetany, especially if other 
diseases in which a low serum calcium is present are excluded. What 
causes this lowering of blood calcium ob\dously is not clearly under- 
stood and has been the basis of considerable discussion. That there 
seems to be a sufficient storage of calcium elsewhere in the body is 
proved by the fact that a patient with tetany and a lowered blood 
calcium can be cured without additional calcium being given. Thus 
the administration of cod liver oil and viosterol as well as ultraviolet 
irradiation are agents which have been used successfully. Parathor- 
mone has also been used to raise the blood calcium to normal levels. 
Gamble and coworkers showed successful results with the use of acid- 
producing substances^ such as hydrochloric acid, ammonium chlorid 
or calcium chlorid. There are several interesting facts brought out in 
this case study. First, that tetany may occur in bizarre form with 
only a few of the so-called conventional symptoms and signs. Secondly, 
the condition readily simulated birth injury, although a little late in 
onset of symptoms. Whether or not a relationship existed between 
the mother’s mild toxemia or antecedent infection (Vincent’s) and the 
baby’s symptoms is speculative. It would seem likely that in ^^ew 
of the temperature an infection played some part in precipitating 
an attack, even though the nature of the infection was not demon- 
strated.” 

Wilder, Higgins and Sheard® studied the significance of the hyper- 
troplij" and hjqierplasia of the parathjToids in rickets and osteomalacia 
by a series of experiments with chicks. Their conclusions are quoted: 
“Experiments with cliicks reveal that deprir'ation of rdtamin D, suffi- 
cient in degree to cause rickets, will produce hypertrophy and hyper- 
plasia of the parathyroid glands; that the parenteral administration of 
parathormone in such minor degrees of deprivation of vitamin D 
prevents this hj-pertrophy and hj'perplasia, but that when the depriva- 
tion of vitamin D is extreme, so that rickets is clearly in evidence, 
administering parathormone may restrict but will not prevent the 
hypertrophy and the hyperplasia of the glands. It appears from this 
and other evidence cited that the hjqrertrophy and hyperplasia of the 
parath^Toid glands of chicks, under conditions of deficiency of \dta- 
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min D, depend on their accelerated functional actiAoty. Other observa- 
tions are interpreted to mean that the supply" of parathjnoid hormone 
determines the sensitivity of the organism to tlie action of ^’itamin D. 
A diminished supply of the hormone, as after paratliyroidectomy, dim- 
inishes the ability of the organism to function normally with restricted 
amount of ^•itamin D; an augmented supply conditions the tissues of 
tlie organism so that the effects of tlie vitamin are more intense, and 
so that amounts of the ^^tamin, which otherwise would not prevent 
rickets, do prevent rickets. By virtue of the capacity of tlie para- 
thyroid glands to accelerate the rate of supply of their product, and 
ovdng to the resulting conditioning of tlie tissue (increased sensiti^^ty 
to vitamin D), the organism is enabled to withstand periods of relative 
deficiency of vitamin D which otlierwise would produce rickets or osteo- 
malacia. This compensatoiy mechanism is adequate to protect against 
relative degrees of deficiency of idtamin D; it is inadequate, as would 
be e.vpected, when deficiency of vitamin D is extreme.” Excessive 
actiidty of tlie parathjnoid results in a typical clinical picture. 

Bauer*® says: “Hyperparathyroidism or generalized osteitis fibrosa 
cystica is a clear-cut, distinct disease entity caused by an increased 
secretion of the parathyroid hormone. ... All cases thus far re- 
ported have been due to a parathyroid adenoma. The fact that it 
is a disease of endocrine origin implies that the entire skeleton is affected. 
Artliritis and Paget’s disease are never generalized skeletal diseases. 
This fact alone argues against their being of parathjToid origin. Hyper- 
parathjToidism is a disease characterized by definite alterations in the 
calcium and phosphorus metabolism as well as by certain symptoms 
and signs. The alterations in the calcium and phosphorus metabolism 
are: (1) An elevated serum calcium. Serum calcium -values as high 
as 23.6 mg. per 100 cc. have been reported. The normal serum calcium 
varies between 9.5 and 10.5 mg. (2) A decreased serum phosphorus. 
Values as low as 1.4 mg. per 100 cc. have been observed, in contrast to 
normal values of 4 to 5 mg. (3) An increased calcium .excretion. The 
increased excretion of calcium is entirely urinary, the fecal excretion 
being unaffected. (4) An increased phosphorus excretion. The in- 
creased excretion of phosphorus is also entirely urinary. The increased 
excretions of calcium and phosphorus in 1 reported case were of the same 
magnitude as tliose in a normal individual receiving 100 units of an 
active parathyroid extract per day. These alterations in the calcium 
and phosphorus metabolism may be accompanied by any or all of the 
follovdng symptoms and signs; (1) Polydipsia; (2) poljmria; (3) weak- 
ness and loss of strength; (4) constipation; (5) loss of appetite; (6) loss 
of weight; (7) indefinite muscle and joint aches and pains, commonly 
diagnosed rheumatism, artlrritis or neuritis; (S) bone tenderness; (9) 
frequent fractures, often following slight trauma; (10) decreased excita- 
bility of the nerves; (11) skeletal shortening; (12) kyphosis; (13) bone 
tumors, frequently diagnosed epulis of tlie jaw or giant-cell tumor in 
otlier bones; (14) kidney ol- ureteral stones (usually bilateral); (15) char- 
acteristic Roentgen ray findings, such as generalized decalcification, 
bone tumors, multiple bone cysts, fish type vertebral bodies, etc.; (16) 
frequently anemia with leukopenia. In view of the above facts no 
patient should be subjected to a parath;yT’oidectomy until sufficient 
eNidence has been gathered from tlie history, physical examination, 
Roentgen examination and metabolism studies to leave no doubt as 
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to the correctness of the diagnosis of h^erparathyroidism. Until some 
simple test for hyperparathyroidism is devised, all suspected or ques- 
tionable cases of hyperparathyroidism should be very carefully studied. 
Serum calcium and serum phosphorus determinations should be made 
and, if possible, serum phosphatase as well as total calcium and phos- 
phorus metabolism studies. It certainly behooves us to proceed cau- 
tiously before making or accepting any statement which implies that 
certain cases of arthritis are due to hyperparathyroidism or that 
Paget’s disease is of parathyroid origin. No findings have been seen 
that would suggest the existence of hjqjerparatlijToidism as a causal 
factor. True, many of the cases of rheumatoid arthritis show Roentgen 
ray e\adence of decalcification (bone atrophy). However, tliis is no 
more tlian we often see associated witli disuse. Furthermore, we 
Imow that the calcium excretion of a patient when immobilized in a 
cast is much higher than when tliis same patient is allowed ordinary 
ward activity. The improvement reported in cases following parathy- 
roidectomy may have been due to anesthesia, rest in bed, or a natural 
remission of the disease. These 3 factors are all capable of bringing 
about improvement, particularly in cases of rheumatoid artliritis. 
Because the latter disease is characterized by remissions and relapses, 
improvement is often ascribed to a particular form of therapy, whereas 
in reality it may represent notliing more than a natural remission.” 

During the past 2 or 3 years a number of contributions on the subject 
of hjq)erparathjToidism have appeared. A few of these are enumer- 
ated: Pemberton,^^ Schultzer,^^ Sainton,*® Rankin and Priestley,*^ and 
Cohen and Kelly.*® Under the title of “Parathyroid Tumors Without 
Osteitis Fibrosa,” Hadfield and Rogers*® report 2 tumors of the para- 
thyi'oid gland. One occurred in a woman, aged 58, the other in a man, 
aged 51. The bulk of the tumors was relatively enormous. In 1 there 
appeared at first to be some reason for regarding the enlargement as 
being etiologically related to the skeletal changes of frank acromegaly, 
associated witli a large clu'omoplul adenoma of the pituitary. In the 
otlier an adenoma, indistinguishable as far as could be judged by 
ordinar^'^ histologic methods from those described in general osteitis 
fibrosa, was associated with a radiologically normal skeleton. The 
authors have been able to find only 6 previously reported cases of para- 
thyroid adenoma or h>q)erplasia associated with pituitary disease. 
They do not think that this association is so rare as this figure indicates. 
They think that tlie skeletal overgrowth of acromegaly alone should, 
theoretically, make excessive demands on the parathyroids. After 
some argument they conclude that in the first of their 2 cases the 
adenomatous enlargement of the parathyroid was unrelated to the 
skeletal changes; in other words, they place it in the same category as 
their second case. They point out that since Mandl restored the cal- 
cium metabolism to normal in a case of osteitis fibrosa by excision of a 
paratlijuoid tumor, and thus disproved Erdheim’s theory according to 
whicli tlie paratlijToid adenomata in these cases were secondary to 
the disease of the skeleton, the publication of similar cases has given 
rise to tlie impression that a parathyroid adenoma must of necessity 
be associated uadi diffuse skeletal softening. They hold that their 
2 cjises prove this to be fallacious. In their opinion it seems likely 
that paratlijToid tumor, closely resembling tlie normal gland, may 
occur without elaborating any excess of internal secretion. 



142 


PROGRESS OP MEDICAL SCIENCE 


REFERENCES. 


1. Brown, A., and Tisdnll, F. F.; Brit. Med. J., 1, 55, 1933. 

2. Daniels, A. L., Hutton, M. K., ICnott, E., Eveison, G., and Wright, O.: jVm. 
. J. Dis. Child., 47, 499, 19.34. 

3. Jeans, P. C., and Stearns, G,: Ibid., 4G, 69, 1933. 

4. Steams, G.; Ibid., p. 7. 

5. Klein, J.: Ann. Int. Med., 7, 1080, 1934. 

0. Schelling, D. H., and Goodman, M. J.: J. Am. Mod. Assn., 102, 009, 1934. 

7. Craig, J. D.: J. Pediat., 4, 219, 1934. 

8. Small, A. S.: Ibid., 2, 681, 1933. 

9. Wilder, R. M., Higgins, G. M., and Sheard, C.: Ann. Int. Med., 7, 1059, 1934. 

10. Bauer, W.; J. Bone and Joint Surg., 15, 135, 1933. 

11. Pemberton, J. de J.: Minnesota Med., 15, 729, 1932. 

12. Schultzer, P.; Ugosk. f. La;ger, 94, 485, 1932. 

13. Sainton, P.; J. med. frang., 21, 3, 1932. 

14. Rankin, F. W., and Priestley, J. T.: Am. J. Surg., 20, 298, 1933. 

15. Cohen, H., and Kelly, R. E.: Brit. J. Surg., 20, 472, 1933. 

16. Hadficld, G., and Rogers, H.; J. Path, and Bact., 35, 259, 1932. 


PHYSIOLOGY 


PHOCEEDINGS OF 

THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 

SESSION OF MAY 21, 1934 
% 

An Improved Colorimetric Method for Determining Sulphate in 
Serum and Urine Adaptable to the Determination of Sulphate Clear- 
ance. — T. V. Letonoff and J. G. Reinhold (Laboratories of Phila- 
delphia General Hospital). Sodium-beta-naphthoqninone-4-sulphonate 
(Folin’s amino-acid reagent) develops an intense and stable color with 
benzidin. The chromogenic power of this reaction is far greater than 
that of the unsatisfactory ferric chlorid-hydrogen peroxid reaction used 
by Wakefield in his modification of the Hubbard microsulphate method. ‘ 
A procedure for the determination of sulphate in serum and urine has 
been developed utilizing the reaction of benzidin sulphate with the 
amino-acid reagent in the presence of a sodium borate-sodium hydroxid 
buffer. Acetone is added after the color reaction is completed to di- 
minish the color of the reagent. An additional innovation for the deter- 
mination of sulphate is the use of uranium acetate for the removal of 
proteins. This reagent removes phosphate as well, consequently error 
due to precipitation of benzidin by phosphate when increased concen- 
trations of the latter are encountered is avoided. Determinations of 
sulphate in urine by the modified method agree closely with the results 
by Folin’s gravimetric method. Recoveries of sulphate added to serum 
tended to be low, but were within limits permitting the use of the 
method for sulphate clearance determination. 


The Prophylaxis of Anaphylaxis in the Actively Sensitized Guinea Pig. 
— A. H. ZIFFERBL.A.TT and H. K. Seelaus (Laboratory of Immunology, 
Philadelphia College of Pharmacy and Science). Guinea pigs actively 

> Peters, J. P., and Van Slyke, D. D.: Qu.mtitative Clinical Chemistrj’, Balti- 
more, The Williams & Wilkins Company, vol. 2, 1932. 
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sensitized -witli horse serum were protected from anaphylactic shock 
by treatment with an iodin solution. This solution was prepared by 
forcing iodin vapor into sterile distilled water by means of a pump. 
When completed, the solution contained 0.0079 gm. per cc. of the fluid, 
hydrogen-ion concentration 4.6, specific gravity 1.037. The treatment 
of previously sensitized animals consisted of intraperitoneal injections 
of 0.5 to 0.S5 cc. of the solution until 10 or 12 cc. had been administered. 
Either of these amounts was found sufficient to desensitize tlie animal. 
Toxicity due to cumulative effect of the drug, used therapeutically, was 
not observed. The solution proved toxic in quantities of 2 cc. and 3 cc. 
in animals weighing 410 and 790 gm. respectively 
The writers believe for the present that tlie iodin is assimilated by 
the cells chiefl^y affected in anaphylaxis and causes a change in their 
chemical constitution. This change induces an altered reaction capac- 
ity of the cell toward the specific antigen, thus conferring immunity on 
the animal to subsequent shock when the antigen is reinjected. 


The Syneresis of Blood Clots: The Role Played by the Blood 
Platelets. — L. M. Tocantins (Department of Medicine, Jefferson, 
Medical College). The dispute over the role, if any, that the platelets 
play in the sjmeresis of blood clots can be traced to differences in 
methods of counting platelets and of estimating syneresis, and to the 
ambiguous use of this term. A distinction should be drawn between 
spontaneous sjmeresis and that following artificial separation of the 
clot from the walls of the vessel. By a series of experiments consisting 
in the addition of antiplatelet serum and of intact a’nd destroyed 
platelets from different animals, in various amounts, at different 
locations, to normal or deplateletized blood or recalcified oxalated 
plasma, the following conclusions were arrived at: (1) Spontaneous 
sjTieresis of blood clots is almost wholly a function of tlie blood plate- 
let; (2) only the intact, undestroyed platelets can bring about sponta- 
neous syneresis: (3) that property of the blood platelets is not species 
specific. 


The Origin of the Vllth and vmth Cranial Ganglia in the Amphibian 
Embryo. — C. L. Yntesia (Laboratory of Anatomy, University of 
Pennsylvania). The origin of the Vllth and Vlllth cranial ganglia 
was studied in the embryo of Amblystoma punctatum. The method 
used was to transplant ectoderm from an embryo which had been 
stained with Nile-blue sulphate to the orthotopic position on an un- 
stained embryo. The stain in the granules was preserved in sections. 

It Avas found that the different sources of the ganglia were separable. 
The neural crest made a small contribution which Avas situated in 
the roots of the Vlltli and Vllltlie nerA’-es. The remaining and greater 
part of the "STItli ganglion Avas deriA'ed from tlie pre-auditorj^ placode 
and the hyoinandibular epibranchial placode: the former contributed 
the anterolateral and A-entrolateral ganglia; tlie latter, the facial 
ganglion. Aside from the small neural crest contribution, the Vlllth 
ganglion AA^as derived from the otic A’esicle. 


The Conduction of Cortical Impulses to the Autonomic System, 
— ^E. A. Spiegel and W. C. Hunsicker, Jr. (Department of Experi- 
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mental Neurology, D. J. McCartliy Foundation, Temple University 
School of Medicine). The conduction of cortical impulses to vegeta- 
tive organs was studied in 30 cats. 

In the first series of experiments “extrapyramidal” fibers arising 
from the hj^othalamus were severed. In a second series of experi- 
ments a transverse section of botli pyramidal tracts was made. After 
the lesion on either of these systems had been performed, the effects 
of stimulation of the motor cortex and the frontal lobe was noted on the 
pupil, the bloodvessels, the sweat glands and the urinary bladder. 

In both groups of experiments the cortical stimulation elicited 
reactions of the above-mentioned organs. It is, therefore, concluded 
that there exists a double (pyramidal and extrapyrainidal) conduction 
of corticofugal impulses to the autonomic centers in the cord. 


Vasomotor Reflexes in the Splanchnic Area. — G. D. Gammon* and 
D. W. Bronk (Eldridge Reeves Johnson Foundation for Medical 
Physics, University of Pennsylvania). Sensory zones concerned in 
the reflex control of blood pressure have been found in endings of 
nerves surrounding the vessels of the splanchnic areas. The most 
important factor conditioning the discharge of impulses appears to be 
the state of distention — hence tlie volume of blood — of the splanchnic 
vessels. The endings responsible are Pacinian corpuscles in the mes- 
entery. Preliminary experiments tend to indicate that the nervous 
discharge set up by distension of the vessels eft’ects a reflex contraction 
of the vessels in this region. Because of the significance of the splanch- 
nic area in control of blood pressure the importance of this afferent 
mechanism is stressed. 

' Godey Fellow in Medicine. 
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THE STORY OF THE DEVELOPMENT OF OUR IDEAS OF 
CHEMICAL MEDIATION OF NERVE IMPULSES.* 

By Walter B. C/Ynnon, 

GEORGE HIGGINSON PROFESSOR OP PHYSIOIiOGY, HARVARD MEDICAL SCHOOL, 

BOSTON, MASS. 


The story of the growth of our knowledge that nerve impulses 
affect smooth muscle, cardiac muscle and some digestive glands 
by setting free a chemical mediator I have chosen for a variety of 
reasons. First, it is a relatively new story, descriptive of recent 
advances of knowledge, that promise' important fresh insight into 
still unknown realms of physiology' and medicine. Again, it illus- 
trates to an unusually striking degree the ways in which science 
may progress, with the early bold projection of novel ideas, the 
hesitant and tentative groping of investigators in unfamiliar terri- 
tory, the performance and reporting of experiments the full signifi- 
cance of which was not at the time well understood, the occurrence 
of flashes of perspicacity, the slow accumulation of facts that lead 
to coimction, the illumination of old, dark mysteries in the light 
of the new truth, and the forward look toward fmlher exploration 
in the twilight zone of ignorance that siu-rounds us. In the brief 
time available I shall not be able to tell the story in full detail; 
instead, I shall lay emphasis only on its salient features. 

The meaning of chemical mediation of nerve impulses is made 
clear by reference to the first intimation of its existence. In 1904 
T. R. Elliott,* then a young student of physiology at Cambridge, 
England, was struck by the fact that long after sympathetic nerves 
had been ent and degenerated, the structures previously innervated 
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by these nerves (smooth muscle, for example) respond in a charac- 
teristic maimer to adrenin— contracting in response to this agent 
where sympathetic impulses formerly caused contraction, and relax- 
ing where they formerly caused relaxation. Obidously the adrenin 
did not affect any structure dependent on the peripheral nerves, 
for they had degenerated. Elliott thereupon offered the highly 
important suggestion that whenever a sympathetic nerve impulse 
arrives at a smooth-muscle cell, it may liberate adrenin locally in 
the cell, and that this adrenin acts as a chemical step in the process 
of stimulation. In Elliott’s omi words, adrenin “might then be 
the chemical stimulant liberated on each occasion when the impulse 
arrives at the periphery.” The fact that adrenin from the adrenal 
glands mimics the action of sympathetic impulses would thus be 
explained; it is the same substance as that which, in Elliott’s idea, 
serves locally as an intermediary between the impulses and the 
special reacting mechanism in the cell. 

As already noted, in some smooth-muscle cells sympathetic 
impulses, and also injections of adrenin, cause contraction and in 
others relaxation. The impulses can be artificially produced by 
electric shocks, and thus they can be made the same in duration 
and frequency for the two opposite effects ; and the adrenin likenfise 
is the same for both. How, then, may these quite contrary effects 
of the same agents be explained? In 1905 Langley,- the Cambridge 
physiologist, puzzled by the facts, published the h;sTothesis that 
in reacting cells two sorts of “receptive substances” exist, excita- 
tory and inhibitory. I^dien adrenin reaches a cell, he surmised, 
its action is determined by the kind of receptive substance there 
present; if it unites with the excitatory substance contraction 
results, and if with the inhibitory, relaxation. As we shall see, 
many years later Langley’s idea received experimental support. 

Another step in the development of the concept of chemical 
mediation of nerve impulses was taken in a research published in 
1906 by Howell® of Baltimore. The resemblance between the 
inhibition of the heart induced by potassium salts and that induced 
by vagal stimulation had led Bottazzi,'' in 1S96, to suggest that 
the two are identical in character. Martin® had brought forward 
further e\’idence for that conclusion in 1904. Worldng on the idea 
that tlie vagus might exert its inhibitory influence through the 
agency of potassium compounds, Howell found that the efficacy of 
vagal impulses varied with the amount of potassium salt in the 
perfusing fluid, and he drew the inference that the impulses act 
indirectly by increasing the amount of diffusible potassium com- 
pounds in the heart tissue. That was in 1906. Two years later 
Howell and Duke® reported that vagal stimulation causes an increase 
of the potassium content of Locke’s solution perfused through an 
isolated mammalian heart, and they regarded the results as favor- 
ing the \’iew that vagus nerves exercise their cardio-inhibitory 
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"tliroui^ii tlic direct S-Ction of diffusible potfissium coiU" 
pounds which vagal im]nilses set free. Although the concept of 
chemical mediation is here clearly expressed, and experiments 
justifying that concept are reported, neither the theory of potassium 
inhibition nor the data in support of it have fitted into the pio- 
gressive developments which have led to our present understanding. 
Wc now know that an inhibitory chemical substance is, indeed, 
readily liberated in cardiac tissue by vagal impulses, and that like 
those impulses, but unlike potassium salts, it is blocked by atropin. 
I must not, however, antieipate events ! 

The next suggestion which finds its place in this historical sequence 
was published by Dixon and Haraill,' in 1909. They drew atten- 
tion to the resemblance between the effects of nerve stimulation 
and the effects of certain drugs. “There is no inherent difference,” 
they wrote, “between tlie action of muscarine on the heart on the 
one hand, and electrical excitation of the vagus nerve on the other. 
So similar are the two effects that it is not unwarrantable, in the 
absence of any evidence to the contrary, to assume that they are 
brought about in the same way. If it is permissible to argue from 
analogy, there is reason in the suggestion that excitation of a nerve 
induces the local liberation of a hormone which causes specific 
activity by combination vith some constituent of the end organ, 
muscle or gland.” Note that this idea is essentially the same as 
that expressed earlier by Elliott, the only difference being that 
muscarin is proposed as the intei’mediary for vagal impulses, 
whereas Elliott liad suggested adrenin as the chemical agent for 
sympathetic impulses. These guesses by Dixon were not put forth 
without efforts to secure an experimental basis for them. It appears 
that 'he had killed animals by pithing them, had let them bleed, 
and then had stimulated the vagus nerves for half an hour. An 
extract of the heart, made thereafter, “was found to hai^e the 
power of inhibiting the frog’s heart, and like muscarine the effect 
was completely antagonized by atropine.” This highly suggestive 
observation Dixon** published in an obscure journal, The Medical 
Magazine, in 1907. I learned of it by reading the obituary notice 
of Di.xon published by Gunn,** in 19.32. Gunn testifies that he once 
asked Dixon why he dropped this research in which he had made 
such interesting beginnings and received the reply that he was 
deterred by the universal skepticism with which his views were 
received ! 

_ It is probable that reports by Dale'® and by Dale and Ewins", 
in 1914, played a role in the further development of our knowledge 
of chemical transmission of nerve impulses. Before their work is 
detailed, however, mention should be made of a discovery reported 
about 8 years before by Hunt and Taveau.'= Noting that in 
aqueous extracts of the adrenal gland a blood-pressure reducing 
substance was pre^sent which, on chemical treatment, disappeared 
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as the cholin content increased, Hunt had inferred as early as 1901 
that in the extract there might be an esterlike precursor of cholin. 
With Taveau’s cooperation a number of esters were made, among 
them acetylcholin which proved to be a most remarkable substance, 
being a hundred thousand times more active than cholin in causing 
a fall of blood pressure, and a hundred times more active in that 
effect than is adrenalin in causing a rise. In the reports by Dale 
in 1914 the fact was brought out that certain ergot extracts pro- 
duced changes in the body closely resembling those produced by 
muscarin, and that the agent responsible for them was acetyl- 
cholin, i. e., the muscarin action might be due to the presence of 
a cholin ester in its chemical structure. The effects observed when 
acetylcholin was injected included. Dale stated, a “pronoimced 
vagus-like inhibition of the heart, and various other effects of stimu- 
lating nerves of the cranial and sacral divisions of the autonomic 
system— secretion of saliva, contraction of the oesophagus, stomach 
and intestine, and of the urinary bladder.” These effects, which 
were very brief, were abolished by small doses of atropin. Here 
we have definitely the intimation that acetylcholin mimics the 
action of parasympathetic nerve impulses, much as adrenin mimics 
the action of sympathetic impulses. It seems probable that this 
hint would have been promptly seized and worked upon if the 
World War had not forced the attention of investigators to more 
urgent matters. 

It is noteworthy that up to this time there was no satisfactory 
experimental evidence supporting the hypotheses which had been 
offered. Indeed, 7 years passed before any further progress was 
made, and then, in 1921, two researches were published, one a 
contribution the significance of which was not appreciated at the 
time, and the other a recognized forward move in the developing 
course of events. The former research was conducted by Uridil 
and myself; the latter by Otto Loewi, the Austrian pharmacologist. 

Uridil and P® were concerned primarily with a criticism which 
had been brought by Stewart and Rogoff^^ against my use of the 
denervated heart as an indicator of the secretion of adrenin. P®had 
reported that a stimulus applied to the splanchnic nerves caused 
the denervated heart to beat faster if the adrenal glands were 
intact, but that after removal of the glands the same stimulus had 
a minor effect. Stewart and Rogoft', on the other hand, noted 
that, with the glands removed, direct splanchnic stimulation still 
caused a considerably faster rate of the denervated heart— a result 
which, they declared, they were not called upon to explain, but 
which they attributed chiefly to the attendant rise of arterial 
pressure. Since it was well known that variations of arterial 
pressure would not alter the rate of a well-nourished isolated heart, 
their suggestion was lacking factual support. We were convinced 
that there was “some other liitherto unknovm factor at work 



cannon: chemical jiediation of nerve impulses 149 


causing the faster rate,” and we started, out to find it. Our experi- 
ments led to e%ddence tha,t splanchnic stimulation, after the adrenals 
are extirpated, causes the discharge of a substance from the liver, 
a substance which, like adrenin, accelerates the heart and raises 
blood pressure, and that these effects are slight if the animals have 
been fasting but considerable if they have been digesting meat. 
Thus was explained the discrepancy between the earlier results 
winch I had obtained— for I had used fasting animals— and the 
results of Stewart and Rogoff, who had not paid attention to the 
digestive state. The centering of interest on conditions which 
affect secretion from the adrenal medulla unfortunately led to a 
prolonged neglect of our suggestive observations. Not until years 
later did it become clear that the cardio-accelerator substance from 
the liver has properties linking it with Elliott’s suggestion of an 
adrenin-like mediator of sympathetic nerve impulses. 

In conversation Loewi has given an interesting account of the 
origin of his experiments. One night, having fallen asleep while 
reading a light novel, he awoke suddenly and completely, with the 
idea fully formed that if the vagus nerves inhibit the heart by 
liberating a muscarin-like substance, the substance, might diffuse 
out into a salt solution left in contact with a heart while it was 
subjected to vagal inhibition, and that then the presence of this 
substance might be demonstrated by inhibiting another heart 
through the influence of the altered solution. He scribbled the 
plan of the experiment on a scrap of paper and went to sleep again. 
Next morning, however, he could not decipher what he had written ! 
Yet he felt that it was important. All day he went about in a 
distracted manner, looking occasionally at the paper, but wholly 
mystified as to its meaning. That night he again awoke, vdth 
vivid revival of the incidents of the pre^^ous illumination, and 
after this experience he remembered in his waldng state both 
occasions. He set up a frog heart filled vith Ringer’s fluid, and 
after inhibiting the heart by stimulating the vagus nerve, found 
that the fluid had acquired a new property— that of being able 
to induce in another frog heart typical inhibitory vagal effects., 
Furthermore, he found also that when the sympathetic nerves 
were stirnulatcd, to make the heart beat more rapidly, the Ringer 
solution in contact ivith it became endowed wfith cardio-accelerator 
power, i. c., an agent was added to it, which, like adrenin, had 
sympathomimetic influence.*® Although, at first, these observations 
were not confirmed by some investigators, they have been wholly 
substantiated by otliers, and at present the support for Loewi’s 
work may be regarded as conclusive. 

The nerves supplying the heart are representatives of the widely 
distributed fibers of the parasympathetic and sympathetic di^^sions 
of the autonomic system. The question naturally arises, can the 
phenomena noted in the heart be repeated elsewhere in the bodv? 
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That has been found to be true. Stunulation of smooth niusele 
and likevdse glands causes the appearance of sympathomimetic and 
parasympathomimetic substances in neighboring fluids. Thus, 
Engelhart^^ noted that after he had excited electrically the oculo- 
motor nerve and induced contraction of the smooth muscle of the 
ciliary body and the iris, the aqueous humor of the eye had a new 
vagus-like action on the tortoise heart. Furthermore, Bain^^ has 
reported that fluid flowing through the bloodvessels of the tongue 
of a dog, while the smooth muscle of the vessel walls was being 
relaxed by exciting the lingual nerve, was endowed with the ability 
to provoke activity in the smooth muscle of the rabbit intestine. 
And finallj'’, Gibbs and Szeloczej'^'® have demonstrated that the 
perfusing fluid, which has passed through the vessels of the cat’s 
submaxillary gland during periods of stimulation of the chorda 
tympaiii nerve, can cause a fall of blood pressure, excitation of a 
salivary flow, inhibition of the isolated frog heart and augmented 
intestinal movements. In all these instances the structures were 
originally affected by parasympathetic nerves, and the salt solutions 
in contact vnth the structures were made capable of producing 
characteristic parasympathetic effects on other structures. The 
analogy with Loewi’s frog heart experiments is evident. 

Similar erddence extended in the sympathetic system Loewi’s 
original e\ddence of chemical transmission of nerve impulses. Thus 
Brinkman and Van Dam,-® Kiilz,®^ and also Lanz" found that the 
Ringer solution from a heart which has been accelerated by sym- 
pathetic stimulation exerts a typical sympathetic inhibitory effect 
on gastric peristalsis— just the sort of effect that is produced by 
injection of adrenin. Furthermore, Finkelman®® showed that if 
Ringer’s solution is allowed to run over a pulsating strip of rabbit 
intestine still supplied vnth its mesenteric nerves (piece A), and 
to drop thence on another strip of pulsating intestine (piece B), 
the solution has a new property, as piece A is inhibited by nervous 
stimulation— then piece B on which the solution drops is also 
inhibited. 

In all the experiments hitherto cited, except those of Uridil and 
myself,^® the mode of transfer of the chemical agent that mimics the 
action of sympathetic or parasympathetic nerve impulses is by way 
of salt solutions. This condition was criticized in 1929 by Demoor,®"' 
the Belgian physiologist, who pointed out that the irrigations which 
are part of the methods employed “may create new conditions of 
existence for the tissues, conditions accompanied by permeabilities 
which do not exist in physiologic states, and that the escape of 
vagal and sympathetic substances, though proved experimentally, 
may not occur normally.” This prudent skepticism has' been met 
by e^•idence that the substance representing parasympathetic 
impulses can circulate in the blood under nearly normal conditions, 
and that the substance representing sympathetic impulses can 
circulate under conditions which are wholly normal. 
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In order to understand this advance we must consider fost the 
nature of the so-called “vagus substance.” Studies by Loevi and 
others^^ have shown that it is dialyzable, that it is stable in an acid 
but not in an alkalin medium, that it is rapidly rendered inactive 
by a blood or tissue esterase, and that, if thus altered, the actmty 
can be restored by acetylation. In all these respects the vagus 
substance is like acetylcholin— a fact that recalls Dale’s observation 
in 1914, that acetylcholin mimics the functions of parasympathetic 
impulses. Another feature common to vagus substance and acetyl- 
cholin is that each is protected from inactivation by physostigmin. 
The rapid destruction of the substance in blood can thus be largely 
avoided. Such was the strategy employed by Babkin, Alley and 
Stawacky2s~ during each experiment they injected physostigmin 
repeatedly in doses sufficient to assure success. With that provision 
they found that when they caused, say, the left submaxillary 
gland to secrete by stimulating its chorda tympani nerve, they 
obtained slightly later a secretion from the right submaxillary 
gland, which had been denervated. The only means of communi- 
cation from one gland to the other was the circulating blood; and 
when the vein conveying blood from the stimulated gland was 
closed, repetition of the stimulus did not produce its regular effect 
on the other side. Not only secretion, but also dilation of the blood 
vessels on the denervated side was recorded, and attendant thereon 
was a fall of blood pressure. All these results are characteristic 
of both parasympathetic discharge and the action of acetylcholin. 
They not only support the other evidence that when parasympa- 
thetic nerves are excited they produce their effects by liberating a 
mediating substance, but also they show that this substance, pro- 
tected by physostigmin, can be carried without destruction in the 
circulating blood, and can mimic elsewhere in the organism the 
effects of parasympathetic impulses. 

The observations of Babkin and his collaborators were published 
in 1932. In 1931, Bacq and I-' reported that a substance mimick- 
ing the effects of sympathetic impulses was carried in the blood 
stream from a stimulated region and could produce typical adrenin- 
like effects elsewhere. This result solved a mystery^ which had 
puzzled workers in our laboratory for some years. In order to 
make this part of the story clear, I must return again to the con- 
troversy vdth Stewart and Rogoff, pre^^ously referred to. 

The Cleveland investigators had declared that the secretion of 
adrenin from the adrenal medulla is steady and unvarying, whereas 
our gn-oup contended that asphyxia, “painful” stimulation and 
emotional excitement cause a special discharge of adrenin. Each 
side brought out supporting evidence, but evidence obtained by 
different exiierimcntal procedures. In order to secure more facts 
bearing oii the controversy, Lewis, Britton and 1=® devised a method 
of separating the heart surgically from the central nervous system 
while leaving the organism otherwise in a quite normal state. The 



152 cannon: chemical mediation op jsierto impulses 

heart in these circumstances, though not subject to nervous control, 
may be stiakingly influenced by changes in the circulating blood. 
For example, it is exquisitely sensitive to an extremely minute 
increase in the concentration of adrenin. By use of the denervated 
heart it was possible to prove that asphyxia and “painful” stimuli, 
and also motion and emotion, induce medulli-adrenal secretion, for 
the faster heart rate evoked by these states fails to occur after the 
adrenal glands are rendered inactive. Thus, before adrenal inac- 
tivation, emotional excitement with attendant struggle might cause 
a high rise in the pulse rate— 100 beats per minute or more— begin- 
ning within a few seconds from the start of the struggle; but after 
the inactivation, this quick, sharp rise almost wholly disappeared. 
I shall not detail further the e\ddence for special secretion of adrenin; 
it is suiScient to remark that after many years no one has confirmed 
the results reported by Stewart and Rogoff, and that numerous 
investigators, using various methods, have found, as we did, that 
medulli-adrenal secretion is influenced by any situation which calls 
the sympathetic system into activity. 

Now, although the quick, sharp rise in the rate of the denervated 
heart was absent after the adrenal glands could no longer participate 
in the response, there was a slow, moderate increase of the rate. 
Shortly after a brief excited struggle, for example, the rate began to 
be faster, and at the end of about 8 minutes it might be elevated 
by 25 or 30 beats per minute. This strange phenomenon, first 
noted in 1926, remained for years unexplained. What was the 
cause of it? In the efforts to find an answer to that question I was 
ably helped by Newton and Zwemer.-® We perceived clearly that 
the phenomenon must have been due to some change in the circu- 
lating blood, for that alone connected the heart functionally with 
the rest of the organism. Previous ex-periments had proved that 
it did not result from increased blood pressure, from increased blood 
temperature, nor from metabolites thrown off by active muscles. 

It seemed most probably the effect of some internal secretion. 
Successively we removed not only the adrenal medulla but also 
accessory chromaffin tissue lying between the kidneys, we ruled out 
the adrenal cortex, we set aside the liver by severing the hepatic 
nerves, we excluded a possible role of the alimentary canal by e.xtir- 
pating the abdominal sympathetic chains— and still struggle made 
the heart respond in a more rapid pulse. We removed the pituitary 
body, we disconnected the thyroids and parathyroids from the 
spinal cord by taking out the cer\dcal sympathetic strands— and 
still the mysterious acceleration persisted. Though much puzzled 
by the situation we treasured the certainty that excitement and 
struggle cause discharge of sympathetic nerve impulses. At the 
stage now reached in our efforts to solve the riddle, only short 
strands of the sympathetic were still present— the remnants in the 
lower thorax. hCght it not be true that impulses discharged via 
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these few ganglia were somehow causing the heart to beat more 
rapidb^? We removed them— and the strange cardiac acceleration 
ceased! Vigorous struggle sent the beat up perhaps 4 beats per 
minute, but not 25 or 30. Observe that we now had a new organism 
in the history of biology— a higher vertebrate without any sym- 
pathetic system. Interest in the altered physiology of such a 
creature temporarily turned our attention away from the curious, 
slow cardio-acceleration which we had started to investigate, and 
not until 1930 was that trail sought again and followed. 

That the remnants of the sympathetic ganglia in the lower 
thorax distribute fibers to the liver or the heart seemed quite 
improbable. It appeared more likely that when they discharged 
impulses into the skin region they produced something which 
entered the circulating blood and affected the heart. 

In order to test tins idea Bacq and prepared animals with 
denervated hearts, and then stimulated the lower abdominal sj^m- 
pathetic chains, isolated from the spinal cord. These chains 
innervate only smooth muscles— those of the hairs and the blood 
vessels, especially in the region of the tail. Of course the only 
functional connection between the denervated tail and the dener- 
vated heart was the vascular system. We found that when we 
stimulated the sympathetic chains and caused erection of the tail 
hairs, there followed in about 2 minutes a marked elevation of 
arterial blood pressure and in about 3 minutes an increase of heart 
rate of IS beats per minute. When the bloodflow into and out 
from the tail was blocked the same stimulus had no effect, until 
the block was removed. We found, further, that when we stimu- 
lated sympathetic nerves to smooth muscle elsewhere, e. g., in the 
abdomen, we could produce the same effects on the denervated 
heart and on other denervated structures. Thus the submaxillary 
gland and the nictitating membrane could be rendered active by 
exciting the splanchnics after severance of the liver nerves and 
removal of the adrenal glands. The conclusion drawn from these 
experiments was that such excitation causes the affected cells to 
liberate a substance into the blood stream and that this substance, 
carried elsewhere in the body, may have effects similar to sympath- 
etic impulses. It is worthy of emphasis that the phenomenon 
occurs under quite normal conditions and that no drug— analogous 
to physostigmin— is required to make it obvious. Previous investi- 
gators, who had found a sympathomimetic substance in salt solution 
which had been in contact with structures stimulated through 
sympathetic nerves, called it “sympathetic substance.” In place 
of this cumbersome expression we suggested the name sympathm. 

The inost recent chapter in this story, first told last year, is con- 
cerned with the nature of sympathin. In many respects sympathin 
resembles adrenin. Like adrenin it causes, as we have seen, a faster 
heart beat, a rise of arterial blood pressure, an increased flow of 
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saliva (in the cat), and a contraction of the nictitating membrane. 
Furthermore, as Bacq^" has shown, adequate liberation of sympathin 
may increase blood sugar, inhibit the rhythmic movements of the 
intestine, shorten the retractor penis muscle, contract the spleen, 
relax the cat’s non-pregnant uterus and dilate the pupil. In all 
these respects sympathin seems to be indistinguishable from adrenin. 
And this testimony from similar biologic reactions is in accord vdth 
testimony from chemical studies. In appljdng a modified Viale 
test, sensitive to adrenin 1 to 30,000,000, Bacq^^ found the intensity 
of the color change greater, in the aqueous humor of the eye and 
in the fluids from a skin vesicle after the sympathetic nerves to the 
parts had been excited, than it was before. The color change, though 
not specific for adrenin, indicates that the chemical structure of 
adrenin and that of some substance produced by sympathetic 
impulses (sympathin) are alike. After all this e\ddence had accu- 
mulated we naturallj’’ inferred, as others also had inferred, that 
sympathin was simply adrenin produced locally in the responsive 
cell on the arrival of nerve impulses, as Elliott suggested 30 years 
ago. Last year, however, Rosenblueth and found that sjunpathin 
and adrenin are different. 

The discovery came about in this way. We were looking for 
further resemblances between the two substances— adrenin and 
sympathin. Dale had shown, in 1906, that the drug ergotoxin 
blocks the influence of adrenin on vessels constricted by sympath- 
etic impulses, while leaving unaffected vessels dilated by such 
impulses. After an appropriate injection of ergotoxin, therefore, 
adrenin, instead of causing a rise of blood pressure, causes a pure 
fall. Is the action of sympathin affected by ergotoxin in a similar 
manner? was the question we asked. We administered to an animal 
under anesthesia a proper amount of ergotoxin, proved that adrenin 
caused a fall of pressure, and thereupon stimulated the sympathetic 
fibers leading to the hind legs and the tail. To our great surprise 
the blood pressure, after an immediate slight fall, entered a pro- 
longed rise; and hepatic nerve stimulation, such as Uridil and I had 
employed in 1921, produced a pure rise. Clearly sympathin and 
adrenin are not exactly the same. If they were, thej'^ would act 
the same. 

The difference seemed to be expressed by an inability of sympathin 
to induce relaxation after ergotoxin. We then noted that in pro- 
ducing sjunpathin we had been stimulating regions (the liver and 
the taU) in winch by sympathetic impulses we produced contraction. 
■\Miat would happen if, instead, we produced relaxation? We 
decided to try out that idea on different organs, contracted or 
relaxed by adrenin, and to avoid ergotoxin. To that end we 
selected as indicators the denervated nictitating membrane as an 
organ contracted by adrenin, and the denervated non-pregnant cat 
uterus as an organ relaxed by adrenin. As a source of what may be 



cannon: chemical mediation of nerve impulses 155 

called “contractile” sympathin we selected the liver. We found, 
to our great interest, that when the hepatic nerves were stimulated, 
the nictitating membrane contracted, but the uterus, though liighly 
sensitive to adrenin, failed to relax. Recall that hepatic nerve 
stimulation, after ergotoxin, caused a pure rise of blood pressure, 
as if the sympathin which was given off had only a contractile 
effect. If the nerves on the duodenohepatic artery are stimulated, 
however, they produce two ejects— contraction of smooth muscle 
in the blood vessels' of the liver and duodenum and relaxation of 
smooth muscle in the duodenal wall. In these circumstances we 
found that not only does the nictitating membrane contract, but 
the uterus relaxes. Now if the nerves to the duodenum are severed 
and the same stimulus as before is applied to the nerves on the 
duodenohepatic artery, only contraction of the nictitating membrane 
results. 

From these and accessorj'^ experiments Rosenblueth and I sug- 
gested that there are two kinds of sj^mpathin— sympathin E, given 
off from smooth muscle which is excited to contract by sympathetic 
impulses, and sympathin I, from smooth muscle inhibited or relaxed 
by such impulses. Escaping from the cells of origin, sympathin E, 
borne by the circulating blood, is able to cause contraction in distant 
smooth-muscle organs which contract in response to sympathetic 
excitation; and sympathin I, analogously, affects smooth-muscle 
organs which relax. 

The results just described have a direct bearing on the ideas 
exTircssed by Langley in 1905. Remember that he assumed that 
two different receptive substances, excitatory and inhibitory, exist 
in cells affected by adrenin, and that the different effects of that 
agent in different regions are due to the difference of these two 
substances. Researches by Rosenblueth^^ connect our results with 
Langley’s ideas. Rosenblueth injected adrenm in gradually in- 
creased doses and found that the degrees of response of various 
vdscera, when plotted, fell into a typical hyperbolic curve, the curvm 
indicating chemical union. The inference was drawn that the 
adrenin, A, unites with a hypothetical substance, H, making AH, 
before it becomes effective. A similar hyperbolic curve resulted 
wlien maximal shocks were applied unth increasing frequency to 
the sympathetic nerves wliich supply the same viscera. Again 
the e^•idence indicated that the mediator, IM, set free in the cells 
by the nerve impulses, unites with a hvqjothetical substance, H, 
before acting. The exqieriraents which led us to conclude that two 
kinds of sympathin exist, have led us to assume, further, that the 
hypothetical substance, H, must be separated into two distinct 
substances, E and 1. Then M, the primary chemical mediator, 
when united with E, would become sympathin E; and when united 
with I, sj'mpatliin I. And ]ME and MI would have the same 
effects on remote smooth-muscle cells, which they enter from out- 
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side, as they have in the cells in which they originate. Thus 
Langley’s insight appears to be substantiated by facts. 

It is noteworthy that sympathin, the chemical representative of 
sympathetic impulses, is much more stable than acetylcholin, the 
representative of the parasympathetic impulses. I^diereas the for- 
mer can readily be shown not only to be present in circulating 
blood but to cooperate with adrenin, and to have widespread 
effects in the body, the demonstration of acetylcholin in the circu- 
lation is difficult and requires specially devised conditions to prolong 
its normally brief existence. This striking difference between the 
two mediating substances is quite in harmony with evidence as to 
the difference of neural organization of the sympathetic and the 
parasympathetic divisions of the autonomic system. The sym- 
pathetic neurons are organized for diffuse discharge of their impulses 
throughout the organism, to produce related adjustments of bodily 
processes— a provision favored by cooperation of sympathin and 
adrenin simultaneously set free in the blood stream and acting, 
therefore, diffusely. The parasympathetic neurons, on the other 
hand, are arranged for specific effects on separate organs— con- 
striction of the pupil, for example, and slowing of the heart. These 
effects are quite unrelated. If acetylcholin were a persistent agent 
in the blood, it might bring about temporally related changes in 
biologically unrelated phenomena. Fortunately that result is 
avoided by the extreme instability of the mediator of parasym- 
pathetic impulses. 

In following the records up to this point I have mentioned only 
the humoral agents manifested when the autonomic system acts 
upon cardiac and smooth muscle and on certain glands. The 
reason for that selection was that in those respects the historical 
sequence of ideas and evidence could be clearly traced, step by 
step, in a way that seemed to me interesting and possibly illuminat- 
ing. Another similar movement, somewhat aside from this main ’ 
current but in the same direction with it, has been the development 
of evidence that the chromatophores of both vertebrates and 
invertebrates are under chemical control. Time does not permit, 
on this occasion, even a brief report of the ingenious experiments 
which have led to that conclusion. In Parker’s^^ little volume %vill 
be found an admirable and entertaining account of that aspect of 
recent progress. 

At the outset I said that the story of our gradual understanding 
of the chemical mediation of nerve impulses would lead us to the 
point where we could look forward to new triumphs of physiologie 
investigation. That fair prospect lies in the direction of the nervous 
system. Certain characteristic features of reflexes include a failure 
of a single afferent impulse to evoke a response, wliereas repeated 
impulses are effective; and also a continuation of the response for 
some time after the stimulus has ceased to act— the so-called "after 
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discharge.” .About 9 years ago Sherrington^^ suggested that a 
more or less persistent central excitatory state (or a central inlubi- 
tory state), -without a refractory period and subject to summation, 
might explain these phenomena. It -was assumed that repeated 
impulses could build up the state in a center until it became capable 
of discharging efferent impulses, or it could be built up to such a 
degree by rapidly repeated, strong stimulation that it -would con- 
tinue to discharge for some time before returning to the resting 
condition. Later Fulton^® substituted “substance” for “state,” 
and the concept of central excitatory or inlribitory substance -was 
expounded, a concept at once related to the peripheral mediation 
of nerve impulses, -with excitatory and inhibitory attachments, that 
we have been considering. Some quite recent researches have given 
support to the reasonableness of the idea that between the neurons 
of the nervons system, as well as between outlying autonomic neu- 
rons and their effector organs, chemical agents of transmission 
intervene. 

Last year Kibjakow,®^ a Russian investigator, published important 
observations made on the perfused superior cer-vical sympathetic 
ganglion of a cat. IMiile the salt solution was running through 
the bloodvessels of the ganglion, he stimulated the related cer-vical 
sympathetic strand, causing thereby, of course, contraction of the 
nictitating membrane. He found that the perfusate, when later 
passed through the blood vessels of the ganglion, had no effect if 
it came away before or after the stimulation; but if it came away 
during the stimulation it showed signs of ha\’ing acquired a new 
property, for it now caused a contraction of the nictitating mem- 
brane. In short, some substance conveyed in the fluid had the 
same effects as the nerve impulses. Since Kibjakow’s experiments 
were reported Feldberg and Gaddum,^® worldng in Dale’s laboratory, 
have brought forward e^ddence that in the transfer of nerve impulses 
from neuron to neuron in sympathetic ganglia, a chemical agent 
appears and that this agent is acetylcholin. 

hleanwhile Rosenblueth®^ published a research in which he studied 
the effects on the heart of discharge from accelerator and inliibitor 
centers when these centers are affected by inci’easing frequencies 
of maximal stimuli applied to their afferent nerves, just as he had 
prewously studied the effects on smooth muscle when stimulated 
through its nerves. The resulting changes in heart rate could be 
plotted in a rectangular hyperbola similar to that for smooth muscle 
—a resemblance indicating that tlie reflex output from the centers 
is directly proportional to the excitatory input. This linear relation 
between input and output could be explained without invoking 
chemical intervention in the conducting process. The duration of 
the output from the centers, however, is hard to account for in 
other terms than those of chemical mediation. As the frequency 
of the maximal efferent impulses was increased the persistence of 



158 CANNON: CHEMICAL MEDIATION OP NERIHI IJIPULSES 


the reflex effects became longer and longer —indeed; in some in- 
stances not subsiding before a lapse of 10 minutes! l^Tien the 
peripheral nerves of the heart v’ere stimulated, the recovery of the 
former rate was prompt. It is clear, therefore, that some change 
induced in the centers, no matter whether excitatory or inhibitory, 
persists for a long period and throughout the period continues the 
discharge of nerve impulses. The hjnpothesis that explains the 
results better than any other is that the central change is chemical 
in nature. 

At this point one can let one’s imagination play. It seems not 
improbable that a great new realm of physiologic research is opening 
before us, research which ivill disclose the mode of operation of the 
most mysterious part of the organism, the central nervous sj^stem. 
We may soon have proof of chemical mediation in central nervous 
processes, and know what the mediator is. As time goes on we 
may be able to tell in chemical terms why sometimes the processes 
are retarded, sometimes greatly accelerated. In the future we may 
be able to apply to the nervous system the ideas worked out on 
smooth muscle, and realize that the depression of manic-depressive 
state results from excess of inhibitory substance at some region in 
the brain, while the excitement means excess of the excitatory 
substance. But such dreams are only too easy. Cautious progress, 
step by step, is the safer mode of .progress. And in the future, as 
in the past, carefully controlled experiments— experiments in which 
lower animals will be humanely employed— will be the most impor- 
tant means of advancing our knowledge. 
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The Necessity for a Correction in the Mendelian Expectation of 
Diabetes. A first analysis of the possible basis of the hereditary 
transmission of diabetes mellitus (Pincus and Whitens) dealt with 
tlie probability that a single recessive gene was the genetic factor 
concerned. The overwhelming proportion of traits ordinarily sub- 
jected to genetic analysis are identifiable at birth or shortly "there- 
after. Albinism, for example, is an immediately and easily observ- 
able condition, and the problem of its inlieritance requires merely 
the examination of the proportions of albino and non-albino indi- 
viduals in various tjqies of matings, and the determination of the 
conformation of these ratios to any particular tbeorj’’ of the inheri- 
tance of albinism. Diabetes, on the other band, is a condition 
which is definitely not identifiable immediately, but one which is 
manifested in different indmduals at different ages. The ordinary 
age-incidence statistics indicate that certainly not until age 90 is 



160 PINCUS, white; the hstheritai^ce op diabetes mellitus 

reached will every, potential diabetic develop definite symptoms’ 
of the disease. Accordingly, if the anatysis of the inheritance of 
diabetes were to be made completely similar to the analysis of the 
genetics of albinism, it would be necessary to examine families every 
member of which had lived to age 90 or beyond. In all the family 
histories that we have collected we have not found a single one that 
satisfies this condition. It became necessary, therefore, to con- 
struct a correction to the simple Mendelian expectation. This 
correction was calculated by assuming that every potential diabetic 
before developing the disease was subject to the ordinary chances 
of death, and then obtaining for every decade of life the percentage 
of potential diabetics actually developing the disease by applying 
the ordinary life-table expectancies to the best available statistics 
of diabetes incidences. 

Material and Methods. It will be noted that we assumed that “ordinary” 
life table expectancies apply to diabetics before they develop the disease. 
When these expectancies taken in our previous analysis (Glover, U. S. 
registration area for 1910) were applied to the age-incidence data for 
diabetes collected by Joslin over the period 1898 to 1926, an estimate of 
the proportion of potential to identified diabetics was obtained for each 
decade of life. No attempt was made to justify the use of the 1910 life 
tables except by the statement that they must apply roughly to the inci- 
dence data collected over the stated period of years. Our population of 
diabetic families contained certain persons exposed to the chances of death 
nxisting during the 19th century, other persons exposed to the 1933 risks, 
and between these two extremes various persons exposed to the risks of 
intervening periods. 

We have examined the questions of what sort of life tables might apply, 
and whether the application of any particular set of life expectancies is 
preferable or justifiable in obtaining the corrections, or whether the employ- 
ment of any reasonable life table gives us the general result our Mendelian 
h5q)othesis would demand. The results indicate that as long as persons 
die in the rather regular manner indicated by the usual life table, and as 
long as diabetes develops with the usual frequencies per decade, the expec- 
tation of diabetes in diabetic families satisfies as well as can be expected 
the hypothesis that the development of diabetes is dependent on the trans- 
mission of a smgle recessive gene. We may note that the analysis which 
follows makes no pretense to great statistical Refinement, chie% because 
the limitations of the available data would make great refinement mislead- 
ing and pretentious. 

Our calculations of incidence are based upon Joslin’s records taken on 
9853 patients, from the years 1898 to 1933, inclusive. These data represent 
the most extensive series now available to us. They are usable only if they 
give a fairly accurate picture of the ordinary age incidence of diabetes. 
Fortunately they are derived from a practice which deals with diabetics 
of all ages, and is not concerned with chabetes in any particular age group, 
vith the possible qualification that cases appearing in recent years might 
contain a slight excess of yoimger diabetics. 

It happens that Joslin's data differ from the general statistics of diabetes 
incidence based upon mortality (Pincus, Joslin and White'). This is true 
even if the mortality statistics are corrected for the presumed duration of 
the disease. (Tables 1 and 2.) We, therefore, employ the Massachusetts 
data on deaths due to diabetes, and correcting them for duration (on the 
basis of the duration data given by Joslin^) we set up a second set of inci- 
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dence data differing markedly from Joslin’s in order to ascertain the altera- 
tion in Mendelian expectations that would ensue. The Massachusetts 
data were collected over roughly the same period that Joslin’s data were 
collected. It is necessary, in order to apply these data, to construct age 
specific rates of diabetes onset in a population having the same general 
age distribution as our diabetic families.^ _ A careful analysis of the mortality 
rates among the children of these famihes shpws that the 1920 mortality 
rates apply with moderate accuracy. Accordingly we derive Tables 1 and 
2, which present life tables based on mortality rates corresponding rather 
closely to those of 1920, but sufficiently modffied to approximate the life 
expectations required by our observed population of children. We employ 
a smoothed life table rather than one that can be derived from our popu- 
lation of children chiefly because it is scarcely possible to adjust for the great 
excess of deaths due to diabetes in our data; but also in order to approximate 
vdth some reasonableness the presumed population from which our gperal 
onset data are derived. These tables are, therefore, only approximate, 
and the expectancies derived from them cannot be used for any exact tests 
of significance. None the less they are necessary for two purposes: (1) 
To ascertain the presumable number of genetically diabetic parents, and 
(2) to obtain a correction to our Mendelian probability of genetically 
diabetic indmduals among the children. 

Before proceeding to any analysis of the population of children it is 
necessary to determine the genetic nature of the matings that produced 
them. We designate a genetically diabetic individual by the symbol mm. 
Since each of the matings employed in om* analysis produced at least 1 dia- 
betic cliild, the possible parental combinations are: (1) Mm X Mm, 
(2) Mm X mm, (3) mm X mm. Every diabetic parent we can classify at 
once as mm. But our incidence tables tell us that a number of potential 
diabetics will die before they exhibit symjitoms of diabetes. The problem 
is to determine how many of such individuals exist among our parents, 
and, furthermore, how many of the living parents are potential diabetics. 
Since we know nothing of the matings which produced these parents we 
can only approximate this number. This is done by assuming that the. 
observed numbers of diabetic parents represent a certain proportion of the 
total number of potential diabetics in the parental population. It happens 
that these parents are a particularly long-lived group of persons, so that 
the mortality rates of our incidence tables do not apply particularly well 
until the 7th decade is reached; and, since, according to Table 1, the 6th 
decade is the decade of maximum incidence, there is e.\ceptional oppor- 
tunity for diabetes onset among the parents. Even on the basis of the 
data of Table 2 (where the 7th decade is the decade of maximum incidence) 
the low early mortality rates should give us an exceptionally large number 
of recognized diabetics among the parents. Assuming then that the 
observed diabetic parents in_ each decade represent that proportion of the 
total number given by our incidence tables, we calculate on the basis of 
Table 1 (correcting for the presence of a small number of li^ing parents) 
that there are in the jiarental population an average of about 63 potential 
male diabetics and 95 potential female diabetics, which leaves respectively 
5 male parents and 7 female parents or a total of 12 potentially diabetic 
parents unidentified.* Similarly, on the basis of the data of Table 2 there 
are 175 potentially diabetic parents unidentified. 

~ ^ diabetic male parents appearing in Decade 4 (Table G) are taken ns 

( .1*. /o (sGo Tablo 1, Column 4) of the total that 'were alive at the beginning of that 
clecaae. Therefore, 50 potential diabetica were alive at age 30. The total number 
of male parents identified is 5S, or 2 more than expected. Wc go through the table 
of parents in a similar way, decade by decade, and eo arrive at a rough estimate of 
missing mm parents. 
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Table 1. — Life Tables for Potential Diabetics According to Joslin’s 

Incidence Data. 


Decade. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

■1 



(10) 

No. identified (per 
100 born alive). 

No. dying before 
identification (per 
100 born alive). 

No. unidentified alive 
at beg. of decade. 

No. identified during 
decade ns % of no. 
alive at beg. 

No. dying during 
decade ns % of no. 
alive at beg. 

No. identified (per 
100 born alive). 

No. dying before 
identification (per 
100 born alive). 

No. unidentified alive 
at beg. of decade. 

No. identified during 

decade as % of no. 

alive at beg. 

No. dying during 

decade as % of no. 

alive at beg. 



cT -ox 

cf -dx 

cf'-l.x 

cf-ox 

— 

cP-dx 

9 -ox 

9-dx 

9-lx 

9 -os 

9-dx 






lx 

lx 




lx 

lx 

1 


1.76 

12.67 

100.00 

1.76 

12.67 

1.42 

10.58 

Ism 

1.42 


2 


2.91 

2.93 

85.57 

3.39 

3.42 

2.25 

2.06 

kksiM 

2.57 

2.35 

3 


4.04 

3.85 

79.73 


4.82 

2.19 

4.35 

83.69 

2.64 

5.24 

4 


5.98 

4.68 

71.84 

8.32 

6.51 

4.28 

5.11 

77.15 

5.54 

6.53 

5 

. . . 

11.91 

4.99 

61.18 

19.44 

8.16 

11.91 

5.00 

67.76 

17.57 


6 


15.90 

5.50 

44.28 

35.88 

12.42 

20.81 

5.69 

50.85 

40.89 

11.19 

7 


11.69 

5.12 

22.88 

51.01 

22.32 

13.64 

4.86 

24.35 


ISHSB 

8 


3.57 

2.22 

6.07 

58.33 

36.36 

3.46 

2.04 

5.85 

58.67 

34.69 

9 


0.12 

0.16 

0.28 

37.50 

62.50 

0.17 

0.18 

0.35 

38.46 

46.15 

Totals . 



■ 



60.13 

39.87 

... 

... 

... 


Table 2, —Life Tables for Potential Diabetics According to Massachdsetts 
Mortalities Corrected for Duration. 


Decade. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

H 

No. identified (per 
100 born alive). 

No. dying before 
identification (per 
100 born alive). 

.Id 

*3 c> 

c o 

O . 

•s tn 

6 ^ 

'Z 

No. identified during 
decade as % of no. 
alive at beg. 

No. dying during 
decade as % of no. 
alive at beg. 

No. identified (per 
100 born alive). 

No. dying before 
identification (per 
100 born alive). 

No. unidentified alive 
at beg. of decade. 

No. identified during 
decade as % of no. 
alive at beg. 

No. dying during 
decade as % of no. 
alive at beg. 


<f-ox 

cf-dx 

cf-lx 

cf-ox 

rf-dx 

9 -ox 

9-dx 

9-lx 

9 -ox 

9-dx 





lx 

lx 




lx 

lx 

1 . . . 

1.18 

11.58 

100.00 

1.18 

11.58 

0.83 

9.62 

100.00 

0.83 

9.02 

2 . . . 

1.72 

3.10 

87.42 

1.97 

3.55 

1.22 

2.49 

89.55 

1.36 

2.78 

3 . . . 

2.35 

3.28 

82.42 

2.85 

3.98 

1.48 

3.80 

85.84 

1.72 

4.43 

4 . . . 

5.35 

4.77 

76.79 

6.97 

6.21 

2.85 

5.22 

80.56 

3.54 

6.48 

5 . . . 

5.23 


66.67 

7.84 

7.87 

6.49 

5.28 

72.49 

8.95 

7.28 

6 . . - 

9.98 

6.91 

56.19 

17.76 

12.30 

11.60 

6.64 

60.72 

19.10 

10.94 


10.03 

9.00 

39.30 

25.52 

22.90 

11.67 

8.81 

42.48 

27.47 

20.74 

8 . . . 

7.04 

8. 88 

20.27 

34.73 

43.81 

8.20 

9.05 

22.00 

37.27 

41.14 

9 . . . 

1.23 

3.12 

4.35 

28.28 

71.72 

1.46 

3.29 

4.75 

30.74 

09.26 

Totals . 

44.11 

55.89 


... 


45.80 

54 20 


’ • “ 

... 


Results. On the basis, then, of Joslin’s incidence data we may 
consider practically all the matings of non-diabetic by non-diabetic 
as Mm X Mm and the matings of non-diabetic by diabetic as 
Mm X mm. Distributing among the non-diabetic parents the 
175 unidentified potential diabetic parents derived from the Massa- 
chusetts incidence tables, we arrive at 159 genetically mm parents 
in the non-diabetic by non-diabetic group and 16 genetically 7nm 
parents in the non-diabetic by diabetic group. 



































piNcus, winTE: the inheritance of dlabetes jiellitus 163 

Considering now the children in these matings, we observe the 
age grouping (Table 3), The problem we must set ourselves is 


TABtE 3 .— Tabui^tion op Chibdhen Accohding to Age in the Various 

Matings. 


Decado. 


Neither parent diabetic. 

One parent diabetic. 

Patients 

Non-diabetic 

Diabetic 

Patients 

Non-diabetic 

Diabetic 

(diabetic). 

siblings. 

siblings. 

(diabetic). 

siblings. 

siblings. 

cT 

9 



o' 

9 


9 


9 

& 


36 

26 

148 

143 

1 


1 

2 

m 

25 

1 

1 

38 

4S 

100 

80 

6 


4 

T 


9 

o 

1 

27 

2S 

144 

129 

1 


6 

8 


28 

9 

1 

27 

39 

130 

133 

6 

5 

9 

12 

36 

30 

2 

2 

44 

S3 

147 

191 

10 

5 

13 

23 

44 

59 

4 

6 

67 

97 

218 

208 

18 

10 

14 

21 

38 

43 

10 

7 

43 

64 

150 

156 

5 

13 

2 

8 

30 

24 

1 

4 

S8 

9 

73 

59 

3 



2 

9 

7 

1 

3 



5 

7 

1 

■ 




2 



j 290* 

394 

1115 

1100 

51 

47 

49* 

77 

211 

215 

23 

25 


* The ago at onset of diabetes of 1 patient was unknown. 


) 

this’^ lATiat is the probability of identification of diabetics in the 
popiilations observed in these two tj^pes of matings? According 
to Tables 1 and 2 we can, in a comjyleted population of potential 
diabetics subject to the mortalities of these tables, identify at most 
resp.ectively 57.88% and 44.11% of the potential male diabetics 
borfi alive and 60.13% and 45.8% of the potential female diabetics 
born alive (Columns 1 and 6). The populations of children 9 ,re, 
howyver, not completed since most of them are, in fact, still alive. 
IVe bbtain an estimate of the proportions that should be identified, 
hov’ever, by the use of Columns 4 and 9 of these two tables. When 
this; is carried tlirough using Table 1, we determine that in the 
matings of (I) non-diabetic by non-diabetic 36.8% of the potential 
male diabetics born alive should be identified and 39.2% of the 
potential female diabetics. In the matings of (II) non-diabetic by 
diabetic the proportions are 38.7% of the males and 41.2% of the 
females. Ihis gives us a mean probability of identification of 
38% in matings (I) and 40% in matings (II). Similarly, employing 
the expectancies of Table 2 the mean probability of identification 
IS 23% in (I) and 24% in (II). In Tables 4 and 5 we present the 
expectations derived by employing these probabilities. Thus in 
i m X ii/7H families the simple Mendelian probability is } and 
• ^^ 3 ?^ / identification as diabetic of mm, individuals (p“) 

IS fitu (on the basis of Table 1), giving us a probability of identi- 
fied diabetics of x x In order to correct for 

the fact that these families were observed because at least 1 child 






Table 4.— The Expected and Observed Number of Diabetics in Matings of 2. Non-diabetic Patients. 
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(c. g., the patient) was present, we employ the formula 

obtain our final probability, where p is the probability of identifying 
as diabetic an trto individual, q the probability that identification 
will not be made, and n the number of children in the family. Thus 

0.095 

in families of 3 children the final probability is ^ - (0.905)3 

(c. g., 36.71% of the children in families of 3 should be identified 
as diabetic). Strictly, we should determine the probability of 
identification (p'O separately for each group of families of the 
various sizes. We have not done this because separate life tables 
for the various-sized families are not justified by the meager data 
•then assembled, and because our probability tables for identifica- 
tion (Tables 1 and 2) are at best approximations. If we did set up 
the separate for these matings according to family size some 
of the discrepancies in Tables 4 and 5 would disappear ; the for 
families of small size w'ould be higher than 0.38 or 0.23 in Mvi X Mm 
matings, since these families contain less infantile deaths and gen- 
erally longer-lived persons than the families of larger size where 
the large size is due in part to the listing of all children dying in 
infancy. This would increase the expectation of diabetic siblings 
in families of small size and decrease it in families of large size. 
The actual differences are, how'ever, relatively small and the gross 
expectations arrived at represent good approximations. 

The totals”' requiring closest comparison are obviously those for 
siblings, since the patients serve merely to bring a given family into 
our tables. It is at once obvious that on Joslin’s incidence data we 
have a deficiency of diabetic siblings, and on the Massachusetts 
data we have an excess with a somewdiat closer agreement when the 
general incidence data are employed. This implies that Joslin’s 
onset tables contain relatively too many younger persons, and w'e 
noted that this may be true since his practice has been largely con- 
sultative and would tend to include more severe diabetics (c. g., 
younger persons). 

Discussion. It is obvious that a fair approximation to Mendelian 
expectations is had with the use of two definitely different estimates 
of diabetes onset incidences. If we regard Joslin’s data as standard, 
then there is a deficiency of diabetics among the children; if the 
Massachusetts data are used as standard, there is a slight excess 
of diabetic children. That the derived expectations of diabetics 
differ less than one would superficially expect is due to the fact that 
on Joslin’s data the lesser number of missing mm parents increases 
the hlendelian probability (p') only slightly, whereas the Massa- 

Wc have also several matinps of conjuRal dialxjtics (mm X mm) in those series, 
h.asis of Tables 1 and 2, I2.S.3 and 7.S0 dialwtics arc expected amonK the 
•!0 siblinRs; S diabetic siblinRS vrere observed. 
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cliusetts tables require an increase in due to a considerable num- 
ber of missing mm parents, but a decrease in tlie probability of iden- 
tification among the children (2?*^). Clearly neither the Joslin data 
nor the Massachusetts data can be taken as completely adequate 
representations of the age distribution of diabetes onset. They 
are necessarily approximations. In order to calculate completely 
accurate probabilities of identification we should have the full dis- 
tribution of diabetics according to age in a large population with 
exact mortality rates for that population. The most complete 
statistics of diabetes incidence are the registrations of death due to 
diabetes. But we are scarcely justified in employing the diabetes 
mortality statistics for the construction of life tables for potential 
diabetics, since it is highly questionable to assume that diabetics 
are subject to ordinary chances of death before they die of diabetes. 
If diabetes were lethal at onset we might make such an assumption, 
but the extent to which diabetics are likely to die of all other causes 
while they are actively diabetic is unlcnown. 

It is, therefore, notable that with the data at hand we do arrive 
at results indicating the consistency of our observations with a 
Mendelian hjqiothesis. 

Diabetes in Non-diabetic Families. All the foregoing analyses may 
be objected to on the grounds that in any group of families selected 
at random diabetes incidence may follow the same course. We 
have previously presented data comparing .a diabetic with a control 
population, and found diabetes incidence in the two to differ sig- 
nificantly. Our comparisons were made employing the x" method. 
Because of the rather scant data, we employed in certain decades 
calculated expectancies of less than 5, and this is open to certain 
theoretical objections. Since our previous publication our control 
population has been enlarged someAvhat and yve are able to make 
more reliable comparisons. Our control population was assembled 
by questioning a group of non-diabetic individuals about the inci- 
dence of diabetes in their families. (Table 6.) The total incidence 
of diabetics among the siblings and parents of our diabetic popula- 
tion is 6.7%, while in the control population it is 1.23%. This 
difference is statistically significant, but since the incidence per 
decade is the obviously fairest basis of comparison we have pre- 
sented the data by decades. "iMien the x' method is employed 
to test the independence of the two groups Ave combine the data 
for Decades 1 and 2 and 3, 4 and 5, and 8 and 9, in order to arrive 
at expectancies greater than 5. The value of x" arrived at for the 
5 groupings employed is 56.996 and this giA^es a value of P > 0.000001. 
In short, the chances are less than 1 in 1,000,000 that the difference 
between these two populations is not significant. The incidence of 
1.23% that Ave obtain for our control population may seem rather 
low, but in view of the fact that it is a comparatiA^ely young popula- 
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tion, this incidence is understandable. We have, if anything, 
selected in our control group for higher incidence, since the controls 
were obtained by questioning 1 member of a family who was not 
diabetic. Obviously if diabetes occurred purely at random these 
controls were selected for greater than normal incidence and the 
diabetic group for less than normal incidence. The highest esti- 
mates of diabetes incidence seldom exceed 2.5%, and the difference 
between 1.5% and 6.7% is, on the basis of the numbers in our dia- 
betic population, decidedly significant. In fact, the general inci- 
dence of diabetes would have to be a minimum of about 6% in a 
similar age grouping to be less than significantly different from the 
incidence in our diabetic population. 


Table -6.— A Comparison of Diabetes Incidence in a Control and in a 
“Diabetic” Population. 



Diabetic population. 

Control population. 

Decade. 

Total 

Diabetic 

Total 

Diabetic 

Total 

Diabetic 

Total 

Diabetic 


siblings. 

siblings. 

parents. 

parents. 

siblings. 

siblings. 

parents. 

parents. 

I . . . 

353 

0 



no 

0 



2 . . . 

20S 

13 

. . • 



1 



3 . . . 

315 

5 

27 


136 


7 

6 

4 . . . 

352 

16 

171 

7 

134 

1 

25 


6 . . . 

476 

28 

228 

16 



69 

0 

0 . . 

560 

48 

277 

36 

114 

0 

96 

1 

7 , 

38S 

23 

358 

55 

75 

3 

99 

4 

s . . . 

166 

15 

330 

27 

35 

1 

87 

4 

0+ . . 

15 

1 

220 

5 

0 


51 

1 

Totals 

2835 

154 

1620* 

146 

862 

6 

434 

10 


* 24 parents wliosc agea were unknown have been omitted frpm this table. 


Secondary Factors in the Production of Diabetes. We may indi- 
cate briefly what the significance of our findings is for the etiology of 
diabetes mellitus. If our data be taken to indicate that the presence 
of a recessive gene (in double dose, i. e., ?h?h.) is necessary for the 
expression of diabetes, then it is at once obvious that the problem 
of etiology is in one degree simplified. For the question that 
remains to be answered is: Given the proper genic constitution, 
what determines that it shall be expressed as diabetes? One or 
several secondary factors maj’^ be involved, hut they are factors 
which appear in a particular manner, as the incidence-age relations 
indicate. ^ T he fact that we must invoke such secondary factors in 
no way vitiates the postulation of a primarj’’ genic cause. No genes 
can operate in mono, and every case of genic action is attained 
only V ith the cooperation of other agencies. These may be envir- 
onmental or internal. The data presented in this paper give but 
meager elues as to the secondary factors. If more delicate indices 
of the action of the presumed gene for diabetes were available, 
perhaps some more definite conclusions could be drawn. 
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It is perhaps pertinent to indicate that modern research indicates 
the possibility of the action of two factors in the production of dia- 
betes mellitus. These are the failure of the pancreas to produce the 
normal quota of insulin and the production of a diabetogenic hor- 
mone by the anterior lobe of the pituitary gland (Evans, ^ and 
Marine and Baumann®). It is known also that an endocrine func- 
tion may be definitely controlled by a Mendelian recessive, c. g., 
the marked impairment of pituitary function in dwarf mice (Snell,® 
Smith and MacDowelP). In subsequent papers we may be able 
to consider more specifically the role played by the presumed gene 
for diabetes in relation to endocrine factors underlying manifesta- 
tions of diabetes. 

Summary. Among the parents and siblings of a group of diabetic 
patients the reported incidence of diabetics is 300 in a total of 
4434 indhdduals (6.7%), whereas only 16 diabetics were reported 
in a total of 1296 parents and siblings of a group of non-diabetic 
patients (1.23 %) . The difference between the percentages observed 
is statistically significant. When the assumption is made that dia- 
betes develops in individuals homozygous for a recessive gene (f. e., 
in mm individuals), it can be demonstrated that the ratios of dia- 
betic to non-diabetic individuals among the siblings of the diabetic 
patients conform vfith the consequent expectations, provided we 
assume that potential diabetics before they develop the disease 
are subject to the ordinary chances of death. Emplojnng differing 
incidence data causes little variation in our hlendelian expectations. 
.This is taken to indicate that as long as diabetes occurs in the 
fairly regulax manner indicated by ordinary incidence tables, and 
as long as the chances of death indicated by the ordinary life tables 
apply, Mendelian expectations will be satisfied. It is, therefore, 
highly probable that the development of diabetes mellitus depends 
primarily upon the transmission of a single recessive gene. But 
the ordinary age-incidence relations indicate the operation of one 
or more secondary factors. Our data give no accurate clue to the 
nature of these secondary factors. 

We wish to acknowledge the material assistance received from a fund created by 
Mr. and Mrs. Francis P. Gan'an. 
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(Read at the Meeting of the Clinical Society of the New York Polyclinic Medical 
School and Hospital, New York City, December 4, 1933.) 

The forces organized against tuberculosis today are pressing 
forward in three columns. The physicians are making a frontal 
attack, wliile the public health officials and surgeons are holding 
the right and left wings and pressing rapidly toward the center, 
where all forces, united, hope to cause a complete rout of the enemy. 

At the outset of this discussion I wish to make plain that there is 
no antagonism between non-operative and operative measures in 
the treatment of tuberculosis. There is a vast difference in opinion 
as to when the one or the other should be employed, but such 
antagonisms as exist are between partisan advocates of the one or 
the other method. In this paper I wish to discuss the curability 
of tuberculosis aud attempt to point out the manner in which 
healing is accomplished. I wish further to point out the factors 
ivhich favor and those which prevent such an accomplishment, and 
to show how treatment must be suited to each case and further 
show that the correct treatment is conservative whether it be 
operative or non-operative. 

I wish further to make plain that the particular measure wdiich 
will be adopted will depend very much upon the opinion which the 
physician bolds regarding the curability of tuberculosis, on the one 
hand, and its infectiousness both as far as forming metastascs in 
the host and its danger of infecting others is concerned, on the 
other. He who has great confidence in its curability will be slower 
in interfering, while he who is imbued with the great danger of its 
spreading and forming new metastases, likewise he who is imbued 
with the great danger of infecting others, will interfere more quickly. 

^ If patients could all be treated in an ideal emdronment by physi- 
cians who not only understand tuberculosis but who possess a 
mental attitude adapted to the treatment of chronic illness, and if 
the patients were so desirous of getting well that they would rigidly 
adhere to the necessary regimen, then the cure of early tuberculosis, 
like that of other infectious diseases, would be largely a matter 
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of natural and specific defense, and only complicating conditions 
would require a deviation from the well-established hygienic, diet- 
etic, open air, rest regimen. 

But such is not the case. Patients ndtli various personalities 
which determine the degree of cooperation or lack of cooperation 
which they will give, with various domestic, social and economic 
problems to face, must be treated in various enidronments by 
physicians who have different conceptions of tuberculosis and per- 
sonalities which endow them with different degrees of fitness for 
carrying out the treatment of such a chronic disease. These 
variants influence the success to be attained as much as the char- 
acter of the treatment which is instituted to cope with the disease 
per se. Therefore, we cannot discuss the treatment of tuberculosis 
from a purely scientific standpoint, but must include its psychologic, 
social, domestic and economic aspects. 

Therefore, a favorable result obtained by operative measures 
does not necessarily mean that it could not have been attained by 
non-operative measures, nor does one attained by non-operative 
measures mean that it could not also have been attained by opera- 
tive measures. The point at issue is, which method best conserves 
the interest of the patient? and this can be determined only after 
taking into consideration and carefully weighing the dangers that 
may come to the patient by not using some operative measure and 
comparing them with any injury that may follow the employment 
of operative procedure. 

Development of the Modern Methods of Therapy. For centuries, 
physicians were called only to treat patients suffering from what 
we now look upon as far-advanced tuberculosis. There was no 
organized program of treatment based on a knowledge of the 
disease, nor was there any accurately recorded experience on which 
to base opinions. Tuberculosis was not recognized as coming 
under public health control. It was not even classed among the 
reportable diseases. It was simply looked upon as an unpreventable 
and hopeless malady. 

At the beginning of this century the entire picture changed. 
There was a steadily growing belief that tuberculosis could be 
cured and, fmther, that it probably could be prevented. A group 
of leaders vdth an increasing army of followers began to act upon 
this belief. A campaign of education ensued which was prosecuted 
with such zeal as had never before been witnessed in connection 
with any disease. Medical societies gave tuberculosis an important 
place on their program; public addresses were given; pamphlets 
were distributed; and laws were enacted to provide the measures 
necessary to prevent and the facilities necessary to cure the disease. 

For the first time in history the medical profession began to 
take a real vital interest in tuberculosis. The result, the reduction 
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of tuberculosis to the sixth rank as cause of death, and the reduction 
of infection to one-half of its former amount, is one of the truly 
great medical triumphs. In the space of time marked by less than 
one-half of a generation we have so changed om- attitude toward the 
.disease, and so successfully devised methods for its prevention and 
eure, that we now feel that it is well on the way to be conquered or 
at least to be reduced to a position of importance comparable to 
that of other serious diseases. 

As long as tuberculosis exists, however, it will be a disease of 
special importance, because of the fact that its prevalence is so much 
greater during the productive period of life than is that of most 
other serious diseases and, further, because of its chronicity and its 
slowness in healing. 

Public health agencies are now spending their energies in the 
prevention of tuberculosis, and clinicians are devising methods for 
meeting the problems which arise in its treatment. Even the more 
serious types of the disease, those which were entirely beyond 
hope but a short time ago, are now being successfully treated. 
That we are able to relieve patients suffering from far-advanced 
lesions must not blind us to the most important fact that has been 
brought out by a quarter century of experience in the intensive 
treatment of tuberculosis, viz., that early lesions are the most easily 
cured, and that they leave the patient in the most satisfactory state 
of health and most capable of carrying on his life’s work, hly 
experience leads me to state that it is practical rather than Utopian 
to believe that operative measures are only justifiable until such 
time as we are able to make early diagnoses and institute adequate 
treatment as soon as diagnoses are made. 

In order to appreciate what each individual measure contributes 
to cure, it is necessary to have a fairly accurate understanding of 
the fact that tuberculosis is a bacteriologic disease which produces 
pathologic and immunologic responses which in turn alter anatomic 
structures and physiologic reactions. Some of these changes in 
structure and function are favorable while others are unfavorable. 
It is the duty of the physician, as far as he can, to recognize and 
promote the former and to prevent the latter. 

Cure of Tuberculosis— An Immunity Reaction. The important 
factor in the cure of all infectious diseases is immunity. This is 
particularly evident in diseases of short duration, such as diphtheria 
and tetanus, in which the toxins are the lethal agents and the 
immunity is all but absolute; for these can be cured by the adminis- 
tration of immune bodies artificially produced. It is also readily 
understood in such diseases as typhoid in which protective inocula- 
tion of Idlled bacteria will immunize, or smallpox, in which an 
artificial vaccination will produce a miniature disease and protect 
the host from future disease. In tuberculosis, on the other hand, 
w e ha\ c a disease, chronic in nature, which produces an immunitv. 
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but one more difficult to understand. A miniature disease caused 
by a small number of bacilli will produce, at least for a time, a 
relative immunity against future inoculations, but is not able to 
grant a full immunity. Protection may also be granted by dead 
bacilli similar to tliat produced in typhoid vaccination, but again 
only relative and not so high as that given by a real infection caused 
by living bacilli. 

Bacilli and the toxic substances produced by them are responsible 
both for the production of a relative increase in resistance to further 
inoculations and for injury and destruction of tissues. We have 
experimental evidence shovdng that inoculation of both Imng and 
dead bacilli will produce a relative degree of protection against new 
infection, and we have clinical observations which prove that the 
protective mechanism which is set going by natural inoculations of 
bacilli and bacillar^'’ products is effective in lessening the seriousness 
of later inoculations and in healing the disease. 

In the natural healing of tuberculosis we rely on the patient's 
own bodj’’ reactions to bring about healing, the same as in all other 
infectious diseases for which we do not have specific remedies. This 
protective mechanism differs vith different indi\’iduals, both as to 
its efficiency and as to the time required for its development; but 
it is slow in all cases. This fact furnishes one of the chief causes of 
failme. 

Tuberculous patients do not die because the disease is incurable, 
but because it is not cured. There is a time when nearly every 
patient suffering from tuberculosis has it vnthin his power to attain 
a cure. That he does not do so is due to the fact that for one or 
another reason the disease is not brought under treatment at this 
favorable time, or that the kind of treatment is not suited to the 
condition at hand; or is not properly applied. We assume that 
healing is primarily a physiologic process, and that its accomplish- 
ment depends upon the establishment of a much higher degree of 
imm unity than was necessary successfully to overcome the minor 
lesions of early infection. 

We cannot describe categorically the factors which make for 
immunity, nor can we assign to each its particular part in bringing 
about healing, but we have learned that a good physiologic balance 
is a great asset. We have learned that rest is the most important 
single factor in maintaining such a balance during the stage of active 
disease. It produces its favorable effects in many ways. It lessens 
the energy requirements of the body at a time when the demands 
of increased energy cannot be easily supplied. It calls for a mini- 
mum of circulatory activity in the body and so in the lungs, and 
calls for a minimum of respiratory effort, thus putting the diseased 
areas at relative rest. This reduces the danger of metastases occur- 
ring and minimizes the escape of toxins from the foci, thus relie\nng 
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the patient of avoidable toxic symptoms. It reduces the body’s 
food requirements to a minimum and permits of storing of any excess 
of energy for supplying future demands. 

Rest of mind is as essential as rest of the body, so the develop- 
ment of a proper mental attitude is important. It can thus be 
seen that the control of the patient is necessary to guarantee to 
him a physical and mental rest. No matter what other measures 
are used in treatment, mental and physical rest should be maintained 
during the period when the disease is active. 

If a carefully de\ased program, suited to the patient’s particular 
requirements, is carried out sufficiently long, it will assure success 
in nearly all of those cases in which healing depends alone upon the 
resistance of the patient. In other words, a well-balanced physio- 
logic state is sufficient to produce the cure in nearly every case at 
this favorable time. 

I wish to emphasize this fact, because in our enthusiasm for 
operative methods we are prone to forget that if the disease were 
treated early, the conditions which require operation would be 
rarely met. Our slogan should be “early diagnosis and immediate, 
adequate treatment.” In what instances are non-operative meas- 
ures insufficient? This is the question to be considered. 

The clinician may have his faith in the ability of the patient to 
cure his own disease greatly increased by patiently treating those 
who seem to offer little hope of cure unless the lung may be com- 
pressed by pneumothorax, or the tissues be relaxed by phrenic evul- 
sion, and in whom attempts at the former have been unavailing 
and the institution of the latter has failed to cause elevation of the 
diaphragm, or by patiently treating certain extensii'e bilateral 
lesions which are not suitable for operation. In such cases it is not 
a rare thing to see the usual sanatorium regimen followed by healing. 

I have formed the opinion from treating several thousand patients 
suffering from advanced and far-advanced tuberculosis that, if 
non-operative treatment is followed with sufficient detail and con- 
tinued sufficiently long, most patients in whom we can establish 
and maintain a resistance sufficiently high to prevent extensive 
caseation with necrosis and serious new metastases from forming 
have an excellent chance of ultimately bringing their disease to a 
state of quiescence, and that, unless cavities which are too large or 
ca\dties possessed of dense walls, or mechanical conditions which 
prevent adequate compensation from taking place are present, they 
may go on to an eventual healing. It is the patients in whom 
metastases continue to take place, in whom destructive lesions are 
uncontrolled, or in whom mechanical factors interfere, that cannot 
heal readily. 

The Mechanical Factors Which Interfere With Healing. As the 
disease progresses, however, there are certain factors which enter 
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into the picture that make healing difficult, sometimes even impos- 
sible, no matter how high resistance may be raised. These factors 
are largely of a mechanical nature. 

The therapeutics of tuberculosis cannot be understood without 
taking these mechanical problems into consideration, for they really 
are the most important factors in separating tuberculosis into 
operative and non-operative. Too often, to the therapist, the cure 
of tuberculosis means some one particular thing— a hygienic regimen 
with rest and control as the chief factors, tuberculin, heliotherapy, 
pneumothorax, a phrenic evulsion or a thoracoplasty. Such an 
attitude toward cure is not rational and does not take into con- 
sideration the best conception of tuberculosis or the best interests 
of the patient. 

The lungs are confined within the thoracic cage and are in close 
contact vfith rigid bony structures on all sides except at the base, 
where they are confined by the diaphragm. In tuberculosis a 
shrinking of the pulmonary volume takes place, whether as a result 
of destruction of tissue or by the replacement of elastic tissue by 
fibrosis, or by the reduction of the volume by exudation and atelec- 
tasis. 

On the principle that Nature abhors a vacuum, the total volume 
of pulmonary tissue always must approach the amount necessary 
to fill the thoracic cage. When the volume of pulmonary tissue is 
reduced it can be compensated in only one of two ways: the struc- 
tures which confine the lungs must contract and make the thoracic 
cage smaller, or the lungs themselves must compensatorily enlarge. 
These two processes go hand in hand as tuberculosis advances. 

During the early stages of the disease the reduction in lung volume 
is of comparatively slight importance and usually is readily com- 
pensated by an emphysema of the unimmlved or leSs involved lung 
tissue. Later, too, it may be compensated, but with greater diffi- 
culty, and, finally, not at all. As soon as the stage is reached in 
which compensation is not readily made, healing is interfered with, 
and no matter how stable the patient’s physiologic equilibrium or 
how competent his immunity, healing can go forward only with 
difficulty. 

The mechanical conditions which particularly interfere with 
compensation are pleural adhesions, fixation of the mediastinum, 
adhesions and fixation of the diaphragm, wdespread fibrosis, the 
emphysema which has developed prior to the time of the destructive 
lesion and rigid thorax. 

The manner in which pleural adhesions interfere with healing 
may be studied in cases of bilateral apical tuberculosis, in which an 
apical, pleural cap is found on both sides. The tissues are rigidly 
fixed in an area as extensive as the adhesions. Contraction of the 
pulmonary tissues which accompanies the disease makes traction 
on the unjfielding pleural adliesions. Since they cannot give Avay, 
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whatever compensating change occurs must take place from below, 
and, since the diaphragm is a muscle with strong contracting power, 
the compensation really must occur largely by the enlargement of 
the air cells, causing an emphysematous condition in that portion 
of the pulmonary tissue which is not involved in the tuberculosis. 
The seriousness of the interference which is caused by adhesions 
in double apical tuberculosis must be evident to any one who will 
note the extent of the shifting of the upper mediastinum w^hich is 
at times necessary in order to compensate for the contraction 
which follows healing of unilateral lesions which involve the upper 
portion of the lung. The tension to which these tissues would be 
subjected were the mediastinum fixed is evident. 

Again, the interference with healing which is caused by pleural 
adhesions is shown when an extensive one-sided adhesive pleuritis 
exists over a lung which is the seat of a severe lesion of either the 
exudative or the proliferative tjqie. If a fixed mediastinum is also 
present, healing may take place, but is rendered very difficult with- 
out some operative measure which wall aid in adjusting the intra- 
thoracic space to the lung volume. If the adhesions do not involve 
the entire pleura, a partial pneumothorax may be of value, or a 
phrenicectomy may afford a considerable degree of aid. If a cavity 
of any considerable size is present, and particularly if it is situated 
in the midst of fibrous tissue and possessed of a thick wall, healing 
is rendered very doubtful, except as a result of operative assistance. 
Under these circumstances thoracoplasty may become practically 
our only hope. ^ 

The Characteristics of Proliferative and Exudative Lesions Which 
Modify Treatment. While the curability of tuberculosis depends 
upon the extent, age and activity of the lesion, it again depends 
upon whether it is predominantly proliferative or predominantly 
exudative. That there is a difference in exudative and proliferative 
tuberculosis has long been known, and recently we have begun to 
understand certain of the fundamental causes of this difference. 
The fact of this difference must be considered in applying therapeutic 
measures. 

Predominantly proliferative tuberculosis has long been recognized 
as a comparatively benign process, one which primarily makes for 
fibrosis udth chronicity rather than for acuteness with destruction. 
It has long been assumed that it is caused by relatii’^ely few and 
mildly virulent bacilli, and that the predominant reaction of the 
tissues is that of cellular proliferation rather than exudation and 
destruction. 

Now that pure fractions of the bacillus have been given to us 
with which to work, it has been found experimentally that bacillarj'’ 
lipoids produce fixed-cell proliferation and tubercle formation, with 
little toxemia or exudative reaction, while bacillarj’’ protein causes 
exudation and destruction, and the polysaccharid seems to be the 
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chief toxic element. Sabin, using a phospholipin and injeeting it 
into the peritoneal ca.\dty of animals, has been able to produce 
huge proliferative masses of tissue, so we now explain proliferative 
tuberculosis as being predominantly a reaction of the body to the 
lipoids of the bacillus, to the bacillus as a foreign body, in contra- 
distinction to its reaction to the bacillary proteins and polysaccharids 
or the bacillus as a li-\>ing immunizing substance. 

It is also characteristic of predominantly proliferative tubercu- 
losis that it extends in spite of its mildness. It seems to fail in 
calling out the immunizing mechanism which raises the patient’s 
specific resistance, prevents the ready passage of bacilli through the 
tissues and increases the body’s power to destroy them. Sooner or 
later, however, exudative phenomena appear, destruction of tissue 
takes place, symptoms of intoxication supervene and the process 
becomes a combination of proliferative, exudative and often destruc- 
tive characteristics with increased acuteness, and, at the same time, 
with evidence of a heightened immunity. Unfortunately the im- 
munity makes its appearance, as a rule, after extensive fibrosis has 
taken place, and the tissues are harboring widespread infection. 

Predominantlj^ proliferative tuberculosis, because of its mild 
nature, bears a reputation for ready healing which it does not 
deserve. In my experience a proliferative lesion produces milder 
reactions, extends more slowly, but often is far more difficult to 
heal than a preponderantly exudative lesion of similar extent. 
And when it does heal it leaves the lung tissue replaced by extensive 
scar, while the exudative lesion heals largely by resolution, lea^^ng 
only a minimum amount of scar. 

Predominantly exudative tuberculosis is a more acute process. 
We assume that it is caused by larger quantities of more ^^rulent 
bacilli than those which are responsible for the preponderantly 
proliferative lesions, and that through their growth, rapid multipli- 
cation and destruction, large quantities of bacillary lipoids, protein 
and polysaccharids are set free in the tissues. The exudative 
response is called out as the body’s reaction to the protein fraction, 
which is the same fraction that stimulates the patient’s immunity 
mechanism. The toxicity, however, is probably largely due to the 
polysaccharid. New tissue formation takes place as a healing 
measure, but it is limited in extent and secondary to resolution of 
the exudate. Extensions do not take place gradually, as in the 
predominantly proliferative tjqje of disease, but more precipitately 
and result in more acute reactions on the part of the patient, a 
greater toxicity and a more efficient immunity. 

The symptoms of acuteness result from the rapid destruction of 
bacilli and the liberation of bacillary products, particularly the 
polysaccharids and proteins. 

Pulmonary Lesions Which May Heal By the Hygienic Rest Regimen 
Alone and Those Which Require Operative Assistance. From the 
jmrely scientific standpoint in which the curability of tuberculosis 
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alone is considered, the following types will heal fairly regularly 
without operative assistance: 

1. Early limited lesions of either the proliferative or exudative type. 

2. Proliferative lesions more extensive than those mentioned under 
Group 1, involving one or both lungs, provided_ they have not taken on 
extensive metastases and destructive processes with multiple cavitation. 

(a) Small cavities may usually be expected to heal, but the heahng of 
large ones, especially if multiple, is more doubtful without operative aid. 

(b) A^Tiether or not such lesions will heal depends much upon the extent 

of injury which has been done to the lung tissue and the ease with which 
the necessary compensatory changes between lung volume and intrathoracic 
space may be made. _ . , . „ 

3. Exudative lesions more extensive than those mentioned in Group 1, 
ivith or without cavity, proidded the non-infected lung tissue can take 
on the required emphysematous changes and the mediastinum is free to 
shift in case it is required by the compensation which must be made, and 
proidded further that other limiting structures are able to accommodate 
themselves to the reduced lung volume. 

Early caidty in exudative tuberculosis is not a contraindication to 
healing unless it is held open by pleural adhesions and a fixed mediastinum, 
or so located that it cannot close. 

4. Exudative lesions which are" accompanied by extensive atelectasis 
will usually heal even though they may be accompanied by high tempera- 
ture which requires several months to reach normal. 

From the purely scientific standpoint, this leaves practically no 
early cases that regularly require operative assistance, but as the 
disease advances there are several types of lesion which cannot be 
depended upon to heal without operative aid, some of which are the 
following; 

5. Comparatively small lesions Avith a cavity which is held open by 
pleural_ adhesions, and is prevented from closing because the unaffected lung 
tissue is not able to make the necessary compensatory changes, such as 
apical or subapical cavities covered by a pleural cap, and especially when 
the upper mediastinum is fixed. 

6. Any active lesion which continues to form metastases unduly long 
in spite of carefully followed non-operative treatment. 

7. Lesions in which a destructive process is seriously threatening caAuty 
formation; in_ fact, should caAutation threaten during the course of chronic 
tuberculosis, it should probably ‘always be prevented by collapse if possible, 

S. Any lesion Avhich is preATnted from healing by mechanical hindrances. 
Tins will include; 

(a) Small cavities situated so that the walls cannot collapse as in the 
apex covered by a pleural cap; small cavities in dense scar tissue situated 
in any part of the lung; and those near the hilum or diaphragm. 

(o) Extensive infiltration, with or without caAuty, in which the tissues 
are put on marked tension, and in which compensation necessary to heahng 
cannot be readily made. 

(c) Large caAdties with thick fibrous walls. 

(d) Cavities in a much contracted lung, AAith displaced mediastinum, 
m Avliich further compensation cannot be made. 


In my experience this grouping roughly separates the cases which 
may be expected to heal by iion-operatiAm measures from those 
AAmcli require operatiAm assistance. It does not, hoAS'ever, repre- 
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sent the manner in which tuberculous patients are generally treated, 
because operative measures are so frequently found necessary to 
meet the exigencies under, which treatment is carried out. Not 
only are the Groups 5, 6, 7 and 8 recognized as requiring operative 
aid, but some of Group 1, many of Groups 2 and 3 and practically 
ail of Group 4 are usually treated by pneumothorax or phrenicec- 
tomy or both. 


TUBERCULOSIS CASE-FINDING. 

Five Years* Experience With Fluoroscopy. 

By Ada Chree Reid, M.D., 

ATTENDING PHYSICIAN, NEW YORK INFIRMABY; ASSISTANT PHYSICIAN, OUT-PATIENT 
DEPARTMENT, NEW YORK HOSPITAL, NEW YORK, N. Y. 

(From the Medical Division of the Metropolitan Life Insurance Company.) 

It has been shown definitely and frequently that pulmonary 
tuberculosis exists in many cases rvathout abnormal physical signs 
and vdthout suggestive symptoms. Therefore, in this discussion 
it will be taken for granted that, at the present time, the most 
effective and most secure way of making an early and definite 
diagnosis is by the use of the stereoscopic Roentgen ray film. This 
is the ideal method and the more frequently and repeatedly it is 
utilized, the more effective it becomes. It has, however, the dis- 
advantage of expense, which, in many instances, is a decided draw- 
back. Certainly this is apt to be true where large numbers of 
supposedly healthy people are to be examined; routine roentgeno- 
grams may be so expensive as to be prohibitive. If all, then, cannot 
be Roentgen rayed, the question arises how to select those cases 
which should have a Roentgen ray. Some or all of the following 
may be used as a basis for selection: (1) Physical examination; 

(2) history of suggestive symptoms or of contact vfith tuberculosis; 

(3) tuberculin reaction; (4) paperfilms; (5) fluoroscopic examinations. 

The first method (physical examifiation) can be dismissed as 

being grossly* inaccurate as a selective measure. This has been 
pointed out repeatedly.^-®- We do not wish to imply that physi- 
cal examination of the chest should be omitted, but we emp^size 
that a negative physical examination does not rule out the presence 
of tubercdosis. On the other hand, the only reliable physical sign 
is the presence of rales persisting after cough, usually in the upper 
part of the chest. If these are present, the diagnosis of tuberculosis 
is to be strongly considered; if they are absent, tuberculosis may 
still be present in advanced degree. Other signs— cogwheel breath- 
ing, slight variations in percussion note and in intensity of breath 
sounds— are solely of academic interest; they have no practical 
value in establishing the diagnosis of tuberculosis. 
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The second method (history-taking) is of great assistance. All 
cases with a history of pleurisy, hemoptysis or cough of unusual 
duration should be Roentgen rayed. However, there are innuin- 
erable cases of early tuberculosis which do not present characteristic 
symptoms, but rather vague, ill-defined complaints (as lassitude, 
irritability, abdominal discomfort, menstrual variations, etc.), none 
of which seem related to disease of the respiratory^ system. Insist- 
ence that such a patient have a Roentgen ray of his chest is wise, 
but it is often difficult to accomplish. Moreover, there are many 
individuals with early (or advanced) tuberculosis in whom symp- 
toms of any sort are either entirely absent or so slight that they 
escape attention^-i”— the “Tuberculosis Unappercepta” of the 
German writers. “It is probable that every actual case of tuber- 
culosis is preceded by such a phase, during which the fate of the 
patient is already, in many cases, decided to his disadvantage, 
unless his infection be discovered early through Roentgen ray 
examination.”!^ 

We have, for five years, observed a group similar to this (i. e., 
positive Roentgen ray findings — absence of physical signs and 
symptoms) and have seen the disease progress in some instances 
to cavitation with an absence of signs and symptoms.'^ In our 
experience, early cases with no definite signs or characteristic 
symptoms far outnumber those cases presenting suggestive symp- 
toms. We feel, therefore, that a selection for Roentgen ray based 
on symptoms will fail to include a large number of clinically sig- 
nificant cases. 

The remaining case-finding methods are based upon laboratory 
procedures. The tuberculin reaction is of considerable value, more 
particularly in schoolchildren. As a basis of selection among adults, 
it is of less value because the number of positive reactors is so high. 

The paper films, recently introduced as an economic method of 
examining large groups quickly, may prove to be a satisfactory 
screen for further Roentgen ray wffien large numbers of individuals 
can be examined in rapid succession. It is certainly superior to 
physical examination and has the advantage of being a record which 
can be reviewed or filed for further study. However, it shares with 
the celluloid film the disadvantage of requiring expensive apparatus, 
additional personnel, space, etc. — the items which determine the 
cost of a Roentgen ray film. In our own case the saving produced 
by using paper films would be too slight to offset the disadvantage 
that they do not produce roentgenograms of the same clearness as 
do celluloid films. 

The basis of selection for Roentgen ray examination used at our 
Home Office in its medical examination of applicants for employ- 
ment is fluoroscopy. After a careful history-taking (in whidi the 
patient maj’’ willfully or unconsciously conceal important facts) 
and after a routine physical examination, each applicant is fluoro- 
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scoped by the examining physician following a prescribed technique. 
Every suspicious or positive case is referred for Roentgen ray films. 
Before analyzing our results, we would like to point out some of 
the advantages of the fluoroscopic examination 'per se. 

1. It has special diagnostic value in determining the mobility of 
the diaphragm and the range of expansion of the lungs. We recall 
a case of very early tuberculosis barely perceptible on the Roentgen 
ray films which was noted on the fluoroscopic examination because 
of the easily apparent splinting of the ribs over the lesion. 

2. During the fluoroscopic examination, it is possible to observe 
the chest from many angles and thus to view the areas close to the 
heart and mediastinum which are difficult to record in the film. 
Occasionally a small lesion can be detected by fluoroscopy while 
rotating the patient, since the rays strike the lesion at the most 
advantageous angle. The patient can be viewed in the antero- 
posterior as well as in the posteroanterior diameter. By way of 
illustration, we have seen a caidty, 1 cm. in diameter, picked up 
on fluoroscopic examination in the posteroanterior position which 
was visible on only 1 of a pair of stereoscopic films. It is possible 
for a serious infiltration to be concealed by the clavicle and ribs in 
1 film, but visible on the other of a stereoscopic pair. Furthermore, 
during a fluoroscopic examination, the chest may be viewed with 
scapuliB rotated out of the lung fields; the clavicles may be elevated 
or lowered; thick neck muscles may be pushed aside in order to view 
the infraclaviculaf regions and posterolateral 3d and 4th interspaces, 
where many of the rapidly progressive tuberculous infiltrations of 
early adult life begin. In our experience the fluoroscopic examina- 
tion carefully performed will miss very few cases. 

From an administrative point of view, fluoroscopy has many 
definite advantages; (1) The equipment is relatively inexpensive 
and the upkeep low. (2) The technique of fluoroscopic examination 
is readily acquired. Our fluoroscopic examinations are made by 
our examining phj^sicians, who, after a short training period perform 
the examinations effectively (the majority have had no previous 
fluoroscopic experience). (3) The decision regarding the examina- 
tion is immediate and there is no delay. We believe that the 
fluoroscopic examination is a cheaper method than the taking of a 
single flat film, is more rapid and is approximately as accurate. 

We have determined our percentage of error bj" routinely com- 
paring the fluoroscopic findings on a group of persons with the 
Roentgen ray reading. At their annual examination, chest Roent- 
gen ray and fluoroscopic examinations have been made of 1035 
employees who had not been under observation and were supposedly 
healthy. Among the 1035 were 47 cases which showed some abnor- 
mality, such as a cervical rib, azygos lobe, diaphragmatic pleurisy, 
tuberculosis, enlarged heart or aorta, foreign body, etc. We found 
that in 1035 examinations only 2 cases of tuberculosis of clinical 
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significance were missed on the fiuoroscopic examination and these 
were very minimal cases. On the other hand, we find the fluoro- 
scopists describing and naming abnormalities, such as the azygos 
lobe, accurately 6 times out of 7. We are satisfied that our per- 
centage of error is very small. 

In the campaign against tuberculosis in the German universities, 
fiuoroscopy is considered to be a very important, if not the most 
important, part of the examination. In fact, since the summer 
semester of 1930, the fluoroscopic examination has been obligatory 
at the University of Munich. Doctor Kattentidt, in charge of 
Student Health at Munich, states : “ It was experienced everywhere 
that the preceding clinical examination detected only a small 
fraction of the tuberculosis cases which were found by the fluoro- 
scopic examination;” and further: “Dr. V. Romberg proved that 
95% of all the cases detected by Roentgen ray pictures can also be 
diagnosed by fluoroscopic examination.”'^ 

In Lemberg, Poland, fluoroscopy of all newlj'^ matriculated 
students of all 5 colleges was introduced in 1930 and has been con- 
tinued since. The method is being adopted rapidl 5 '^ hy other uni- 
versities: Munster, in Westphalia; Lund, Sweden; Heidelberg, etc. 

Doctor Braeuning makes a statement with which we are in com- 
plete accord, i. e., “ Every department should have its own fluoro- 
scope, and this examination should be made by the department 
staff and not by the central Roentgen ray department.”" 

We believe, in analyzing our experience* with fluoroscopy since 
1927, that it has been a very valuable procedure. Prior to October 
1, 1927, applicants for employment received a complete physical 
examination routinely and were Roentgen rayed only if suspicious 
symptoms or signs were elicited at this examination; each year 
several employees who had been in service less than 1 year developed 
active tuberculosis (in 1927, with an average clerical payroll of 
9582, there were added 3094 employees; in the same year there 
were 11 cases of pulmonary tuberculosis among employees of less 
than 1 year’s serHce, i. e., 35.5 new cases per 10,000 new employees). 
After the fluoroscopic examination was introduced, we consistently 
discovered each year by this method 1 % of tuberculosis among our 
applicants for emplojunent (Table 1) and the number of new cases 
in employees of less than 1 year of service has decreased materially. 
(In 1932, with an average clerical payroll of 11,814 and 1707 new 
employees, there was only 1 case of tuberculosis among employees 
of less than 1 year’s service, i. e., 5.8 per 10,000 new employees.) 

The fluoroscope has detected, therefore, those cases of tubercu- 
losis among applicants who, in the past, had escaped detection at 
tlieir preemployment examination and who became, many of them, 
cases of active tuberculosis within the first year of employment. 

_ * Approximately 17,000 fluoroscopic examinations are made each year by physi- 
cians in the Medical Department of our Home Office. 
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Tablb 1. — Incidence of Tubercijeosis Among Applicants fob Employment. 


Year, 

' i 

! Number of 
applicants. | 

Cases of tuberculosis.* 

Total. 

1 Detected by 

Incidence 
of Tbc. 
per 1,000. 

Detected 
only through 
fluoroscopy 
(per cent). 

History, 

Physical 

signs-t 

Fluoro- 

scopy. 

1928 

4405 

69 

9 

7 

50 

15.6 

76 

1929 

4780 

57 

6 

6 

45 

11.6 

79 

1930 

3105 

36 

3 

1 

32 

11.2 

91 

1931 

2175 

33 

2 

4 

27 

12.44 

82 

1932 

2134 

32 

1 

2 

j 

0 

30 

1 14.0 

96 


* In addition, the following chest conditions other than tuberculosis escaped 
physical examination but were detected with the fluoroscope; thymoma; substernal 
thyroid, 2; esophageal pouch, 1; enlarged aorta, 2; enlarged heart, 1; calcified pleura, 
1 ; adhesive pleurisy, 4. 

t The physical examination is checked, if there are abnormal fluoroscopic findings. 
However, the number of corrections is surprisingly low, even though the examiner 
knows the area in which the lesion is located. 


The incidence of new cases of tuberculosis among our employees 
has also been reduced (Table 2) : 

Table 2.— Incidence of New Cases of Tuberculosis* among H. 0. Employees. 


Year. 

H. 0. Employees. 

Now cases 
of Tbc. 

Coses per 
10,000. 

1928 . 

11,530 

106 

92 

1929 . 

11,966 

85 

71 

1930 . 

12,468 

71 

71 

1931 . 

13,081 

72, 

57 

1932 . 

13,582 

59 

43 

Including active, questionably active and apparently healed. 



An even greater result has been accomplished in respect to the 
early diagnosis of tuberculosis. Using the fluoroscope freely at 
annual examinations and in the medical rest rooms, we have been 
able to detect tuberculosis in its early stages, so that the cases 
admitted to our Sanatorium in 1932 were 76% incipient and 24% 
advanced, while in 1928, 47% were incipient and 53% advanced. 

Fluoroscopy has been subjected to criticism as to its accuracy 
because of the faet that active tuberculosis has developed among 
young adults who apparently had a negative fluoroscopic examina- 
tion a short time previously, the conclusion being that the fluoro- 
scope failed to reveal definite disease which must have been present. 
This is not necessarily true. We have seen many who have devel- 
oped definite Roentgen ray evidence of tuberculosis after a negative 
film of the chest, some fvithin 3 months of the negative film. 

Dr. Braeuning reports 19 cases of tuberculosis under his observa- 
tion which had developed between 2| to 12 months after a negative 
Roentgen ray;'^ Dr. Rist, of the Laennec Hospital in Paris, states he 
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has had apparently normal Roentgen rays of lungs a few days 
previous to the onset of extended tuberculosis^^ 

Summary. The most reliable method of detectmg pulmonary 
tuberculosis is by means of the Roentgen ray film, but as a routine 
procedure in examining large numbers of supposedly healthy indi- 
viduals, it has the disadvantage of being expensive. We have dis- 
cussed the various methods available for selecting those cases 
which shall have films made. 

Physical examination of the chest fails to detect many, especially 
early, cases of pulmonary tuberculosis. 

A case-finding method based upon history is also inadequate, 
since tuberculosis may be present to an advanced degree without 
significant symptoms. 

The tuberculin test is of considerable value in selecting those 
cases of childhood tuberculosis which shall have Roentgen ray 
films, but its application to adults is less satisfactory because of 
the large percentage of reactors. 

Paper films at their present stage of development do not produce 
roentgenograms of the same clearness as celluloid; the cost of the 
finished product is only slightly less than that oi the celluloid. 

Fluoroscopy as a method of examination has many advantages 
which have been described. Moreover, it is inexpensive and the 
technique easily acquired. Its accuracy has been demonstrated 
by determining our percentage of error in 1035 cases first fluoro- 
scoped, then filmed, and finding it very low. Its practical value 
to us has been proved by an analysis of our tuberculosis statistics 
during the 5 years this method has been used. These statistics 
show that: (1) We have detected each year among applicants for 
employment 1 % of tuberculosis which would otherwise have escaped 
discovery; (2) we have reduced our incidence of new cases of tuber- 
culosis from 92 per 10,000 in 1928 to 43 per 10,000 in 1932; (3) we 
are detecting tuberculosis in the early stages; sanatorium admissions 
in 1928 were 47% minimal; in 1932, 76% minimal. 

Conclusion. The Roentgen ray film examination of the chest is 
the most reliable method available for detecting pulmonary tuber- 
culosis. Fluoroscopy, by reason of its accuracy, economy, rapidity 
and simplicity of technique, is the most efficient basis of selection 
for complete roentgenographic examination. 
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THE RELATIONSHIP OF THE INTRINSIC FACTOR TO A 
HEMATOPOIETIC MATERIAL IN CONCENTRATED 
HUMAN GASTRIC JUICE. 
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Paul J. Foots, M.D., 

AND 

L. G. Zerfas, M.D., 

INDIANAPOUS, IND. 

(From the Lilb' Laboratory for Clinical Research, Indianapolis City Hospital, and the 
Department of Medicine, Indiana University School of Medicine.) 


It has been shown^ that the incubation of 100 cc. of normal gas- 
tric juice with 1 vial of Liver Extract No. 343 markedly increases 
the potency of the liver extract. This increase in potency is prob- 
ably the result of the interaction of the intrinsic factor of the gastric 
juice upon an extrinsic factor in the liver extract. Because of the 
uniformity of the product and its small bulk, the liver extract would 
seem to be a better source of the extrinsic factor than beef muscle 
in testing for the presence of the intrinsic factor. In previous studies- 
it has been shown that before a hematopoietically stimulating mate- 
rial can be demonstrated in normal human gastric juice by the 
intramuscular injection into patients having pernicious anemia, 
some change in the gastric juice must take place. This change can 
take place during the concentration by vacuum distillation or during 
the storage of the gastric juice in the ice box for 2 months. 

It is the purpose of this paper to report studies on the relationship 
of the intrinsic factor to the hematopoietic material in concentrated 
human gastric juice and attempts to determine some of the charac- 
teristics of the intrinsic factor. 

Methods. The patients used in these studies were all typical clinically 
and hematologically of pernicious anemia. Daily red blood cell counts, 
hemoglobin determinations (Newcomer) and reticulocyte counts^^ were 
made during the control and test periods. One \dal of Liver Extract No. 343 
was incubated for 4 hr. at 40° C. with the gastric juice, or the fraction of 
gastric juice, to be tested, as described pre\aously.| These liver extract 
gastric juice digests were brought to pH 5 just previous to administration 
to the patients. During the test periods the patients received meat-free. 
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low vitamin Bj diets. The patients received the noon meal at 11 a.m. 
and then received no food until 6.30 p.m. At 4.30 p.'m. the gastric juice 
liver extract digests were administered. All the patients received the test 
materials daily for 10 days. The patients who had slight or no re- 
sponses from the test materials responded to known potent materials 
administered by mouth before the experiments were considered negative. 

The ultrafilters used were of the Bechold type described previously 
When the gastric juice was concentrated by vacuum distillation, the sanie 
procedure as in the preceding paper- was carried out. IVhen the pepsin 
and rennin were adsorbed on casein, a method similar to that described by 
Hammarsten^ was used. A 7.5% solution of Hammarsten casein in 4% 
sodium carbonate was added to a known quantity of gastric juice until a 
pH of 4.7 to 5 was obtained, wliich is the point of maximum precipitation. 
The casein precipitate was removed by centrifugahzation and filtration. 
The filtrate is water-clear and filters rapidly. By the methods employed, 
no pepsin and only insignificant amounts of rennin could be detected in the 
filtrate. When the casein precipitate was used in the experiments, it was 
washed by stirring the precipitate with a buffer at pH 4.7, centrifuging 
and decanting the wash fluid. 

Results. I. The Effect of the Incubation of Varying Amounts of 
Normal Human Gastric Juice uyon the Potency of Liver Extract. 
In Table 1 are recorded the responses of the red blood cells, hemo- 
globin, and reticulocytes to the daily administration of 1 vial of 
liver extract that had been incubated with 10, 25 and 50 cc. of 
normal human gastric juice and to the subsequent administration 
of Extralin. The responses of the reticulocytes of Case 1 to the liver,, 
extract incubated with 10 and 25 cc. were distinctly not maximal 
(9.6% and 8.1% at red blood cell levels of 1.55 and 2.02 million). 
There was only slight clinical improvement and no sustained rise 
in red blood cells. There was a good clinical and hematologic 
response after the patient received Extralin, capsules 4 t. i. d., a. c. 
There was a good clinical improvement when (jase 2 received daily 
1 vial of liver extract which had been incubated with 50 cc. of gas- 
tric juice. The reticulocytes reached 17.2% on the 9th day when 
the red blood cell count wms 2 million, and there was only a slight 
rise (3.4%) following the subsequent administration of Extralin. 

These studies would indicate that 10 and 25 cc. of normal human 
gastric juice did not contain sufficient intrinsic factor to react with 
1 vial of liver extract to produce a maximal reticulocytosis. How- 
ever, it is interesting that as little as 10 cc. increases the potency 
of liver extract enough to cause a slight reticulocytosis. Fifty cc. 
seems to be near the minimal amount of gastric juice necessary to 
combine with 1 vial of liver extract. These findings indicate that 
there must be some quantitative relationship between the amounts 
of intrinsic and extrinsic factors present to produce maximal reticu- 
locyte responses. Castle and his associates^ demonstrated that 75 cc. 
of the juice is sufficient to interact with 200 gm. of beef muscle. 
Therefore, somewhere between 50 and 75 cc. should be the minimal 
amount necessary to combine with 1 vial of liver extract to produce 
a maximal reticulocytosis. 
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Table 1. — The Response or the Blood to the Daily Administration of One 
Vial op Lpver Extract No. 3-13 Inchbated with 10, 25, and 50 cc. 

OF Normal Human Gastric Juice. 


Case number 

Age 

No. cc, G. J. incubated 
vial of L. E. No. 343 

with i 

1 

62 

10 

1 

62 

25 

o 

39 

50 

Days. 

R. B. C. 
per cmm. 
in millions. 

* 

W 

•«-» 

o 

K 

H. B. C. 
per cmm. 
in millions. 

* 

Ret. %. 

R. B. C. 
per cmm. 
m millions. 

* 

tr 

Ret. %. 


0 

1.65 

31 

0.1 

1.46 

30 

5.2 

1.44 

•34 

1.0 


1 

1.73 

31 

0.6 

1.55 

35 

4.5 



O.S 


2 

1.43 

35 

0.6 



6.1 

1.72 

32 

0.6 


3 

1.5S 

31 

0.6 

2.02 

34 

S.l 

1.67 

32 

0.4 


4 

1.34 

26 

1.0 

1.61 

39 

3.5 

1.53 

32 

O.S 


5 



. 

1.53 

39 

2.3 

1.79 

37 

2.S 


c 

i.25 

27 

2.6 

1.46 

40 

4.4 



6.9 


7 

1.44 

30 

4.8 

1.52 

42 

5.1 

1.50 

30 

14.6 


S 

1.55 

31 

9.6 

1.56 

42 

2.6 

1.94 

33 

17.4 


9 

1.4S 

31 

5.3 



5.7 

2.00 

32 

17.2 


10 

1.46 

30 

5.2 

1.70 

42 

S.4 

1.93 

3S 

15.6 


11 



1 . r 

. . • • 



2.15 

41 

14.1 


12 



1 „ , 




2.31 

3S 

10.1 


13 




.... 





13. S 


14 






. . . 

2.51 

42 

12.8 


15 

. , , . 





.... 

2.40 

44 

11.6 


16 






.... 

2.37 

47 

7.7 


17 




1 • - • 


.... 

2.3S 

47 

5.0 


IS 




.... 


.... 

2.S4 

SO 

4.3 

Subsequent medication 





Extralin, caps. 4 

Eitralin, caps. 4 






t 

1. d. 



1. 1. d. 



0 




1.70 

42 

S.4 

2.S4 

50 

4.3 


1 




l.Sl 

42 

S.O 

2.54 

44 

2.5 


2 




2.02 

44 

6.3 


. 

3.7 


3 




1.94 

47 

6.9 

^63 

47 

l.S 


4 




2.1S 

50 

12.7 

2.44 

50 

1.5 


5 




2.17 

49 

11.9 

2.4S 

55 

l.S 


6 






13.7 

2.91 

55 

3.0 


7 




1.S3 

53 

7.7 

2.9S 

50 

3.4 


S 




1.9S 

52 

5.5 





9 




2.25 

5S 

7.6 





* Newcomer method. 


II. The Effect of Gastric Jiiice Concentrated by Ultrafiltration 
and the Ultrafiltrate of Normal Gastric Juice upoji the Potency of 
1 Vial of Liver Extract. Case 3 first received for 10 days 1 vial of 
liver extract that had been incubated with 150 cc. of the portion of 
the normal human gastric juice which passed through the ultra- 
filters (ultrafiltrate). The concentration of pepsin in the original 
gastric juice averaged 4.2 mg. and rennm 42 mg. per cc. The ultra- 
filtrate contained 0.1 mg. of pepsin and 1 mg. of rennin per cc. 
Chart I shows that there was a slight reticulocyte rise (3.4%) follow- 
ing this medication; however, there was no clinical improvement. 
The patient then responded to 1 vial of liver ex^tract that had been 
incubated with the portion of this gastric juice which was held back 
by the ultrafilters (concentrate). The reticulocytes reached 10.1% 
on the 7th day, when the red blood cell count was 3.01 million. 
There was satisfactory clinical improvement and a good rise in red 
blood cells and hemoglobin, as is shown in Chart I. 
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These studies showed that almost all of the intrinsic factor had 
been held back by the ultrafilters. In the previous work it was shown 
that the portion of the gastric juice held back by the ultrafilters 
could be made hematopoietically active, as demonstrated by the 
intramuscular injection into, patients having pernicious anemia, 
when concentrated by vacuum distillation, while the ultrafiltrate 
could not be made active by the same procedure. Therefore, from 
the above tests it can be assumed that the portion of the gastric 
juice which can be made active for intramuscular injection contains 
the intrinsic factor at the onset of the vacuum distillation and the 
portion which cannot be made active does not. 



Cbl^rt I. — Response (Case 3) to the daily administration of 1 vial of Liver E.vtract 
No. 343 incubated with the ultrafiltrate of normal human gastric juice and to 1 vial 
of Liver Extract No. 343 incubated with the portion of the gastric juice concentrated 
by the ultrafilters. 

III. The Effect of the Incubation of Gastric Juice Concentrated 
by Vacuum Distillation and then Diluted with Water upon the Potency 
of Liver Extract. Fresh human gastric juice (1200 cc., divided into 
2 equal parts) was concentrated to 21 cc. by vacuum distillation 
and then diluted to 1000 cc. The concentration of pepsin in the 
original gastric juice averaged 4.4 mg. and rennin 49 mg. per cc. 
The gastric juice after concentration by vacuum distillation and 
dilution with water contained 1.3 mg. of pepsin and 9 mg. of rennin 
per cc. Of this material 100 cc. was incubated with 1 vial of liver 
extract and administered daily to Case 4. There was a slight reticu- 
locytosjs (S% on the 11th day when the red blood cell count was 
2.21 million and the hemoglobin 48%), but there was little or no 
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clinical improvement. Table 2 shows the responses of the blood 
to this medication and to Extralin. This patient had a rather high 
reticulocyte count on entering the hospital; however, after a 7 days’ 
control period the red blood cell count had dropped from 2.27 to 
1.85 million, although the reticulocyte count was still 3%. A very 
good clinical response and reticulocytosis of 27% (red blood cell 
count 2.21 million) followed the administration of Extralin. There 
was also a good rise in red blood cells. 


Table 2. — The Responses of the Blood of Patients Having Pernicious 
Anemia to the Daily Administration of One Vial of Liver Extract 
No. 343 Incubated with Normal Human Gastric Juice Concen- 
trated BY Vacuum Distillation and Then Diluted. 


Case number 


4 



5 



5 


Age 


46 



66 



66 


Enzymes in original G. J. (aver. 

Pepsin 

4.4 


Pepsin 

2.9 


Pepsin 

2.9 


mg. per cc.) 

Itennin 49.0 


Rennin 32.0 


Rennin 32.0 


Enzymes in G. J. after vacuum 

Pepsin 

1.3 


Pepsin 

1.95 

Pepsin 

1.95 

distillation (aver. mg. per cc.) 

Rennin 

9.0 


Rennin 

22.0 


Rennin 22 JO 


Enzymes in ultrafiltrate (aver. 

I> mg. per cc.) 




Rennin 

0.8 












Material derived from No. cc. 










G. J. incubated with 1 idal of 
L. E. No. 313 


120 



120 



120 



09 



. n 



(Q 




So 



c ^ 
c o 



c c 
s o 



i 

dif 

.fi 

to 


o'm 

“1.5 

.a 

to 


.^E-5 

“1.5 

to 

6? 

0 


m 

Pi 

Pi 

w 

Pi 

Pi 

W 

Pi 

0 

1.85 

38 

3.0 

2.01 

49 

1.4 


53 

0.6 

1 

2.13 

38 

3.0 



1.0 

1.96 

49 

1.3 

2 

2.17 

43 

2.7 

2.66 

53 

0.7 

1.83 

49 

1.7 

3 

1.79 

44 

2.5 

1.99 

53 

0.8 

2.07 

45 

2.2 

4 

1.76 

45 

2.4 

2.11 

53 

0,4 

1.95 

47 

1.7 

5 

2.04 

42 

4.0 

2.07 

51 

0.5 



2.4 

6 



2.7 

2.02 

49 

0.3 

1.80 

45 

3.6 

7 

2.04 

39 

4.4 

1.90 

53 

0.8 

1.95 


2.2 

8 

1.90 

45 

5.7 

1.51 


0.8 

1.72 


1.2 

9 

2.11 

41 

5.8 

2.11 

53 

1.2 

1.70 

47 

2.9 

10 

2.10 

40 

6.4 


53 

0.6 

2.01 

43 

2.1 

11 

2.21 

47 

S.O 




1.83 

42 

2,0 

12 

1.90 

50 

5.8 






2.5 

13 



3.5 




2.2i 

43 

1,8 

14 

2.03 

44 

3.4 







15 

1.97 

45 

2.0 







16 

1.61 

40 

1.0 







Subsequent treatment 

Extralin, caps. 4 
t. i. d. 




Extralin, caps. 4 
t. i. d. 

0 

1.61 

40 

1.0 

.... 



2.21 

43 

1.8 

1 

2.15 

42 

2.8 




1.80 

44 

1.6 

o 

1.59 

44 

4.0 




1.66 

43 

2.8 

3 

1.79 

38 

4.9 




1.93 

42 

2,0 

4 



9.8 




1.83 

43 

11.2 

5 

1.85 

40 

25.6 




1.86 

43 

12.8 

6 

2.21 


27.0 

— 





14.8 


2.17 

47 

2^ 4 






23.8 

8 

2.83 

41 

23.6 




1.93 

43 

21.8 

9 

3.25 

54 

12.6 




2.50 

47 

15.2 

10 

2.65 

54 

17.0 




2.94 

55 

13.2 

11 



12.4 





2.36 

54 

8.8 

12 

kis 

53 

11.7 




2.72 

59 

9.0 

13 

2.8S 

50 

13.3 




2.61 

59 

9.6 

14 







2.96 

61 

4.9 

15 

— 

. . 

.... 



. 

3.09 

62 



* Newcomer method. 


Another 1200 cc. of fresh gastric juice (divided into 2 equal parts) 
was concentrated to 30 cc. by vacuum distillation and then diluted 
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to 1000 cc. The original gastric juice contained 2.9 mg. of pepsin 
and 32 mg. of rennin per cc. The gastric juice after concentration 
by vacuum distillation and dilution contained 1.95 mg. of pepsin 
and 22 mg. of rennin per cc. The gastric juice was then ultrafiltered. 
Of the ultrafiltrate 100 cc. was incubated with 1 vial of liver extract 
and administered daily to Case 5. As is shown in Table 2, there 
was no response of the blood or improvement in the clinical condi- 
tion of the patient. The portion of the gastric juice held back by 
the ultrafilters was then diluted to 1000 cc. and 100 cc. of this was 
incubated with 1 vial of liver extract and administered daily to 
Case 5. This medication was followed by a rise in the reticulocytes 
up to 3.6% by the 6th day; but at the end of 13 days there was 
only slight change in the red blood cell level and no improvement 
in the condition of the patient. There was then a rise in reticulo- 
cytes up to 23.8% on the 7th day of Extralin therapy. There was 
a very satisfactory clinical improvement and rise in red blood cells 
and hemoglobin (Table 2). 

It is evident from these findings that most of the intrinsic factor 
is either destroyed or used up during the process of concentration 
by vacuum distillation. The concentration by vacuum distillation, 
however, is necessary for the production of the material in the 
human gastric juice capable of stimulating the hematopoietic system 
of patients having pernicious anemia when injected intramuscularly. 
A goodly percentage of the pepsin and rennin in the gastric juice 
was likewise destroyed by the process of concentration by vacuum 
distillation. 

The small amount of intrinsic factor remaining in the gastric 
juice concentrated by vacuum distillation was held back by the 
ultrafilters, while most of the material in the concentrated gastric 
juice which is active when injected passed through the filters.^ It 
would therefore seem more evident that these two materials are 
not the same, although it has^not been shown as yet that the intrinsic 
factor does not combine with some extrinsic factor during the con- 
centration by vacuum distillation to form the material hemato- 
poietically active when injected. 

IV. Stvdies on the Intrinsic Factor Freed from Pepsin and Rennin 
by Casein Precipitation. In this group of studies the enzymes 
pepsin and rennin of the gastric juice were precipitated out on casein 
at pH 4.7 as described under ‘TMethods.” 

Case 6 received daily for 10 days 1 vial of liver extract which had 
been incubated with the precipitate containing 3.7 mg. of pepsin 
and 33 mg. of rennin per cc. after the precipitate had been redis- 
solved in 0.3% hydrochloric acid and brought up to the original 
volume of the gastric juice. Of this material 125 cc. was used dailv. 
There was a rise in reticulocji;es up to 5.6% (red count 1.77 million) 
on the 6th day, but there was no rise in red blood cells or improve- 
ment in the condition of the patient. 

The amount of supernatant liquid (containing 0 mg. pepsin and 
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0.05 mg. rennin per cc.) equivalent to 125 cc. of the original gastric 
juice was incubated with 1 vial of liver extract and administered 
daily for 10 days to Case 7. Table 3 shows the marked reticulocyte 
rise (37.4% at a red blood cell level of 1.76 million) following this 
therapy. There was a very satisfactory improvement in the clinical 
condition and a rise in red blood cells. There was no subsequent 
rise in reticulocytes following 3 daily intramuscular injections of 
concentrated liver extract. 

These tests showed conclusively that most of the intrinsic factor 
remained in the supernatant liquid, although the pepsin and rennin 
was completely precipitated out of the liquid. Castle and his 
associates® in similar experiments, using beef muscle as the source 
of the extrinsic factor, reported that the intrinsic factor could be 
separated from the enzymes pepsin and rennin by casein precipitation. 

Case 8 received 150 cc. of this supernatant liquid daily for 10 
days to see if by the casein precipitation a material itself hemato- 
poietically active was released, rather than that there was just a 
separation of the intrinsic factor from the other constituents of the 
gastric juice. There was no retieulocytosis following this medica- 
tion and no change in the clinical condition. After 2 other test 
periods this patient responded to Extralin, capsules 4t. i. d., a. c. 
(reticulocjdes 11% at a red blood cell level of 2.86 million) as is 
shown in Table 3. 

Supernatant fluid from another casein precipitation of the gastric 
juice was then subjected to ultrafiltration. The ultrafiltrate 
(equivalent to 120 cc. of original juice) was incubated with 1 vial 
of liver extract and administered dail}”^ to Case 6. On the 7th day 
of this treatment the reticulocytes reached 14.1% (red blood cell 
count 2.03 million). There was a good rise in red blood cells, as is 
shown in Table 3, and definite clinical improvement. After 16 
days the patient received for 3 days 3 cc. of concentrated liver 
extract intramuscularly. This was followed by a retieulocytosis 
up to 4.6% and a further rise in red blood cells. 

The portion of this supernatant fluid that was held back by the 
ultrafilters was then diluted with water. In amounts equivalent 
to 120 cc. of the original gastric juice it was incubated with 1 vial 
of liver extract and administered daily for 10 days to Case 9. There 
was a rise in reticulocjdes up to 6.6% by the 8th day (red blood 
cell count 2.58 million). There was definite clinical improvement 
and the red blood cell count made a very satisfactory increase 
(see Table 3) . There was no subsequent rise in reticulocytes follow- 
ing the administration of Extralin. 

In the studies in Section II it was shown that practically all the 
intrinsic factor in normal gastric juice had been held back by the 
ultrafilters. However, the experiments in Section IV demonstrate 
that after the precipitation of the pepsin and rennin and mucus by 
casein, a goodly portion of the intrmsic factor passes through the 
filters. This indicates that by the casein precipitation the intrinsic 
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♦ Newcomer method. -f This patient received 2 other teat materials before responding to extralin. 
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factor was released or separated from some larger molecular material 
in the gastric juice, thus allmving it to pass through the filters. ■ 

^ Following these studies 400 cc. of normal gastric juice was pre- 
cijiitated at pH 4.7 with casein. The supernatant fluid, containing 
0.08 mg. rennin per cc., was made up to pH 2 with HCl and passed 
through the ultrafilters and washed 3 times. This ultrafiltrate 
was then concentrated to 15 cc. by vacuum distillation. It was 
neutralized with NaOH and sterilized with tricresol and injected 
into Case 10 on June 22, 1933. At the beginning of the test the red 
blood cell count was 1.S8 million, hemoglobin 35%, and reticulo- 
cytes 0.6%. There was a severe chill followed by a rise in tempera- 
ture up to 104° F. The temperature remained elevated for 2 days. 
The reticulocytes reached 4.2% by June 26 and remained slightly 
above normal limits until July 2. By July 8 the red blood cell count 
was 1.71 million, hemoglobin 45.8%, and reticulocytes 0.9%. The 
patient then received 20 cc. of liver extract intravenously. This 
was followed by a reticulocytosis up to 20.6% by July 14. There 
was marked clinical improvement and by July 22, 1933, the red 
blood cell count was 3-15 million and the hemoglobin 51%. 

The material concentrated by vacuum distillation in this test 
had been shown to contain a goodly amount of intrinsic factor 
(Case 6), and the process of concentration by vacuum distillation 
had previously always produced a hematopoietically active material 
when the intrinsic factor was present. It would therefore seem that 
by the casein precipitation and the ultrafiltration most of the mate- 
rial with which the intrinsic factor can react had been eliminated 
from the gastric juice. 

Summary and Conclusions. From these studies it is quite evident 
that there must be some quantitative relationship between the 
amounts of intrinsic and extrinsic factors present to produce maxi- 
mal reticulocyte responses when liver extract-gastric juice digests 
are fed to patients having pernicious anemia. The amount of 
intrinsic factor in from 50 to 75 cc. of normal gastric juice seems to 
be the minimal amount necessary to produce a maximal response 
when incubated with 1 vial of liver extract. The fact that as little 
as 10 cc. of normal gastric juice will increase the potency of 1 vial 
of liver extract enough to produce a slight reticulocytosis must, 
however, be considered when a quantitative estimation of the 
amount of intrinsic factor in an abnormal gastric juice is attempted, 
as by Hartfall, and Witts,® Spies and Payne,’' and Beebe and Win- 
trobe.® The use of liver extract as the source of the extrinsic factor 
in such tests now seems more advisable than the use of beef muscle, 
because if sufiicient intrinsic factor is present in the gastric juice 
maximal reticulocytoses can be expected when 1 vial of liver extract 
is used, while this is not always the case when beef muscle is used. 

The intrinsic factor in normal human gastric juice does not paps 
through the ultrafilters used in these experiments. The material in 
normal human gastric juice which can be made hematopoietically 
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active by concentration by vacuum distillation is likewise held 
back. It has therefore been shown that the intrinsic factor has 
been present at the onset of the concentration by vacuum distilla- 
tion in all the gastric juice preparations that we have made active. 
The material in gastric juice concentrated by vacuum distillation 
which is active when injected, however, is not identical with the 
intrinsic factor, because the intrinsic factor is destroyed or used 
up by the process of concentration by vacuum distillation during 
which the active material in concentrated gastric juice is formed. 
However, the ultrafiltrate of gastric juice freed from pepsin, rennin, 
and mucus by casein precipitation but contaming the intrinsic 
factor, was not hematopoietically active after concentration by 
vacuum distillation. This would tend to support the hypothesis 
that the hematopoietically stimulating material in concentrated 
normal human gastric juice is not formed unless both an intrinsic 
and an extrinsic factor are present in the gastric juice during the 
process of concentration by vacuum distillation. 

These experiments confirm the work of Castle and his associates 
in that the intrinsic factor can be separated from the enzymes 
pepsin and rennin by casein precipitation. They also tend to show 
that the intrinsic factor is of relatively small molecular structure 
after it is freed from the pepsin, rennin, and mucus by the casein 
precipitation. 
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During recent years a series of observations on tbe treatment 
of pernicious anemia lias helped to clarify many points concerning 
the normal physiology of the liver and its relation to blood forma- 
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tion. Beginning with the work of hlinot and Murphy, ^ in 1926, 
on the beneficial effect of liver substance in the treatment of per- 
nicious anemia, subsequent workers- have demonstrated that a 
similar response could be obtained by the feeding of desiccated 
defatted hog stomach. The hypothesis was that after eating 
ground, dried stomach, a material was produced which was con- 
verted into a material similar to that derived from liver, and the 
excess was stored in the hepatic tissues. Richter, Ivj'^ and Kim^ 
concluded that the "active substance” was not an integral part of 
liver tissue, but a storage product which could be released when 
needed, to govern hematopoiesis. Confirmatory e^ddence of the 
function of the liver as a storehouse rather than as a source of a 
specific protein or some other substance contained in its own cellu- 
lar makeup was obtained by the finding of livers which did not 
contain the “active material.” The clue to this was given by the 
fact that some patients with cirrhosis of the liver had an anemia 
with red blood cells larger than normal. Others, with evident 
hemorrhage, simulated the “secondary” types of anemia. 

The following experiments were developed to (1) explain why 
some patients with disease of the liver developed an anemia Mth 
large red blood cells, and (2) to note the curative effect of adequate 
therapy with liver extract on this type of anemia. 

Materials and Methods. The patients studied in these experiments' 
were classical cases of pernicious anemia, as evidenced by finding in all of 
an achylia gastrica, characteristic blood pictures, and definite clinical 
features as glossitis and neurologic changes. The blood counts were made 
with pipettes certified by the U. S. Bureau of Standards. Hemoglobin 
estimations were made with Leitz hemoglobin standard, calculated so that 
14 gm. = 100%. This was checked in accordance with van Slyke’s gas 
method. The immature red cells (reticulocytes) were studied from films 
stained with the vital dye, brilliant cresyl blue. All the extracts were 
prepared from human livers, according to the chemical method previously 
described.^ Control periods of at least 2 days were obtained in each 
instance to rule out the possibility of spontaneous re^sions. 

The Active Principle Present in Liver Tissue at the Time of Birth or Shortly 
Before. Experiment I. A chemically refined extract was, prepared from 
a 7-month human fetal liver. The final dosage of 20 cc., representing 65 gm. 
of fresh liver, was administered to a patient with typical pernicious anemia, 
whose blood picture on admission was as follows: Red blood cell count, 
950,000 per cmm.; white blood cell count, 3600 per cmm.; hemoglobin, 
25% (Sahli). On the 7th day following treatment a reticulocyte peak of 
17.6% was noted. Although the maximum calculated reticulocyte re- 
sponse® was not obtained, the results are certainly indicative that at 
7 months a human fetal liver contains the active principle necessary for 
red cell development. (Chart 1.) 

The Active Principle Absent From the Liver of an Inadequately Treated 
Case of Pernicious Anemia. Experiment II. A parenteral extract was 
prepared, similar to the above described, from the human liver of a patient 
vdth pernicious anemia, who had shown only slight improvement vith 
antianemic therapy, and died subsequently with severe complications. On 
admission his red cell count was 2,100,000 per cmm.; hemoglobin, 58% 
(Sahli, 14 gm. = 100%); the film showed marked poikilocytosis and aniso- 
cytosis with 58.5% of the red cells larger than 7.5 microns. 
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This intravenous product was given to a patient with pernicious anemia, 
whose red cell count was 1,560,000 per cmm.; white blood cell count, 6900 
per cmm.; hemoglobin, 29% (Sahli). No response was noted after an 
interval of 12 days. "SS^en a known potent parenteral extract was admin- 
istered later to this same patient, a maximum reticulocyte response of 
52.8% was obtained. The absence of any response following the initial 
treatment was probably the result of the failure of the body of the patient 
from whom the liver was taken to produce or store the necessary hemato- 
poietic factor. A similar experiment was performed by Richter et al.,^ 
who also demonstrated that a liver from an inadequately treated case of 
pernicious anemia did not contain the active principle. (Chart 2.) 

The Active Principle Present in the Liver of an Adequately Treated Case 
of Pernicious Anemia. Experiment III. A third extract was prepared 
from the liver of a patient with pernicious anemia who received a maximum 
amount of treatment for a period of 18 days, but died following an opera- 
tion. At the time of admission the red cell count was 2,900,000 per cmm.; 
hemoglobin, 53% (Sahli). Five days after therapy was started the reticu- 
locytes reached a maximum response of 12.5%. When th^ preparation 
was administered intravenously to a patient haidng pernicious anemia 
(red blood cell count, 1,630,000 per cmm.; white blood cell count, 4500 
per cmm.; hemoglobin, 41%), a prompt subjective improvement resulted 
as well as a maximum reticulocyte response of 21.9%. This experiment, 
demonstrating the presence of the active principle in the liver of a patient 
with pernicious anemia, who had adequate therapy, fuUy substantiates the 
work of Richter, Ivy and K i m . (Chart 3.) 

A Cirrhotic Liver May Not Contain the Active Principle. Experiment IV. 
A human liver was obtained from a patient dying of atrophic cirrhosis of 
the liver. His blood on preliminary examination showed a red count of 

1.050.000 cells per cmm.; white blood cells, 3500 per cmm.; hemoglobin, 
28% (Sahli). Red cell measurements revealed a Price-Jones curve simu- 
lating that seen in pernicious anemia. A chemically purihed extract was 
prepared in the usual manner, and given to a pernicious anemia patient 
with no subsequent clinical improvement or blood changes. At the time 
of admission her blood picture was as follows: Red blood cell count, 

2.400.000 per cmm.; white blood cell count, 9200 per cmm.; hemoglobin, 
62% (Saldi). After a lapse of 7 da^, the same individual was treated 
with a known potent intravenous liver extract. Ninty-six hours after 
therapy was instituted, the reticulocytes reached a maximum peak of 
10.8% and was accompanied by the usual symptomatic improvement. 
(Chart 4.) 

The absence of the hematopoietic substance necessary for the maturation 
of the red cells is certainly suggestive that a cirrhotic liver is unable to store 
this material since the patient with cirrhosis also showed evidence of a lack 
of “active material.” As will be shown later, a damaged liver may have 
the normal function for storage of the active principle, but for some un- 
knovm reason is unable to present it to the tissues for utilization. 

Patients With Cirrhosis of the Inver and Macrocytic Anemia Respond to 
Parenteral Liver Extract Therapy. Experiment V. Two patients mth 
cirrhosis of the hver (diagnosed at operation), having blood pictures simu- 
lating pernicious anemia— Case 1: red blood cell count, 1,740,000 per 
cmm.; white blood cell count, 3800 per cmm.; hemoglobin, 44% (Sahli); 
and Case 2; red blood cell count, 2,220,000 per cmm.; white blood ceU 
count, 11,100 per cmm.; hemoglobin, 41% (Sahli) — were treated post- 
operatively with known potent parenteral liver extracts.*’"® In each 
instance, a maximum reticulocyte response was obtained, being 36.4% 
and 11% respectively. One of these patients has received parenteral 
therapj' for a period of 2 years nith no recurrence of the anemia or anj' of 
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Chart 1. — Reticulocyte response with human fetal liver extract (65.0 grams.) 



Chart 2.~Livcr from inadaquately treated case of pernicious anemia— not effective. 
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its sjanptoms. It has not been possible to follow the second patient as 
he has not returned. 

The Inability to Utilize the Active Principle, Even Though It is Stored, 
Suggesting a Fifth Factor in the Production of a Macrocytic Anemia. 
Experimetit VI. An intravenous extract was made from the liver of a 
patient who had had acute yellow atrophy. On admission his red cell 
count was 2,450,000 per cmm.; hemoglobin, 54% (Sahli); 51% of the red 
cells were Ipger than 7.5 microns. When the parenteral extract prepared 
from tills hver was given to a patient ivith pernicious anemia (red blood 
cell count, 1,530,000 per cmm.; hemoglobin, 41% (Salili)), a maximum 
reticulocyte response of 34.6% was produced. 



Although the unknown substance was present in the acutely 
damaged liver, for some unloiown reason the patient with the acute 
yellow atrophy probably was unable to utilize it, as was evidenced 
by the severe macrocytic anemia which was present. This disturb- 
ance of metabolism by the liver is to be differentiated from the 
inability of storage as suggested in Experiment IV. (Chart 5.) 

Discussion. From the above experiments, as well as those 
pre\uously described by other authors,^- it can be concluded that 
liver tissue is primarily a storehouse for the hematopoietic sub- 
stance necessary for the maturation of red cells. It is also highly 
suggestive that, although the active principle may be present in 
the liver, if suflBcient hepatic damage is present, this organ is unable 
to release the necessary substance for red cell development in a suit- 
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able form for utilization by the^body tissues. Thus, if for any 
reason, there is marked injury to the liver (cirrhosis, acute yellow 
atrophy), the normal hematopoietic role of the liver is disturbed 
and a macrocytic anemia may develop, though the stomach may 
make the necessary material.^'’ This resulting blood picture may 
be clouded by a so-called “secondary anemia” with a low color 
index, due to gastro-intestinal bleeding. As previously inentioned, 
the macrocytic anemias, associated with cirrhosis of the liver, have 
been controlled by parenteral liver extract.®- 1® Kecently, Cheney® 
has suggested the use of “secondary anemia” liver extract and iron 
in the treatment of similar cases. 

Conclusions. 1 . The active principle necessary for the maturation 
of red cells is present in the liver at least 2 months before birth. 

2. The active principle may be absent from the liver of an 
inadequately treated case of pernicious anemia. 

3. The active principle is present in the liver of an adequately 
treated case of pernicious anemia. 

4. A cirrhotic liver may not contain the active principle. 

5. It is highly suggestive that a liver may be sufficiently damaged 
so that the active principle, though present, cannot be presented 
to the tissues for utilization. 

6. A pernicious anemia-like blood picture may be present in a 
patient, if the liver is so damaged that it cannot store the active 
principle, or cannot present it to the body tissues in the proper 
form for utilization. 

7. The demonstration that all livers do not contain the “active 
principle” indicates that it is a storage product rather than an 
intrinsic part of the liver substance. 
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THE RELATION BETWEEN DEFICIENCY OF SOLAR RADIA- 
TION AND ‘MORTALITY DUE TO PERNICIOUS 
ANEMIA IN THE UNITED STATES. 

By Jajies H. Smith, M.D., 

RICHMOND, TA. 

(From the Medical Department, McGuire Clinic, St. Luke’s Hospital.) 

The purpose of this article is to compare the amount of solar 
radiation with the mortality due to pernicious anemia in the states 
of the United States. 

I. The total radiation received on a unit of horizontal surface 
from the sun and sky has been measured for 17 stations.^ Kimball’s 
report shows: (a) The annual march of daily totals of radiation, 
and (6) the average annual amounts of solar thermal energy received 
at these stations. The values are expressed as Idlowatt-hours per 
square dekameter of horizontal surface. The stations for which 
climatic data are available for comparison vith the measurements 
referred to, with a Anew to arri\dng at an index applicable to all 
weather bureau stations in the United States, are Madison, Wis,, 
Lincoln, Neb., Washington, D. C., and Havana, Cuba. From 
Kimball’s tables and reading from his charts; the measured data 
are shown in Table 1 (o). The data selected for comparison are 
shown in Table 1 (b). In this table a radiation index is calculated 
by di^’iding by 3 the sum of the angle of incidence of the sun’s 
rays, the percentage of possible sunshine- and 100 minus the p.m. 
mean relative humidity.^ One unit of this index is roughly equiva- 
lent to 3150 kw.-hr. per sq, dkm. per annwn for the 3 United States 
stations.* 

Chart I shows the correlation between the measured amounts of 
solar energy and the radiation index. The comparison appears to 
show a fairly close approximation and to warrant the use of the 
radiation index, so calculated, for the purpose at hand. 

II. The average annual death rate from pernicious anemia per 
100,000 estimated population in the registration area of the United 
States for the years 1921 to 1926 inclusive (prior to the therapeutic 
use of liver) is shown by states in Table 2® and is traced in Chart II. 
In comparison, Chart II shows also the radiation index for the 
corresponding states calculated as described above. The average of 
all stations reporting is used to compute the percentage of possible 
sunshine and the relative humidity for each state. From this com- 
parison the following general statements may be made: The death 
rate from pernicious anemia is high in proportion to the radiation 
index in the western states with high altitude, high radiation index 
and relatively low^ latitude; the death rate is low in proportion to 

* Madison 3171, Lincoln 3197, Washington 3117, Havana 3500. Figures for 
sunshine at Havana -svere not available and those for Key West, Florida, vrere used 
instead. 
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the radiation index in the eastern and southern states with relatively 
low radiation index and low altitude; and the death rate is neither 
high nor low in proportion to the radiation index in the central 
states with altitude neither high nor low. These variations may 
represent either the inaccuracy of the index or an effect of altitude 
in increasing the death rate from pernicious anemia. There are 
recognized physiologic responses of the blood to increased altitudes, 
including increased number of red blood cells. 



Chart I. — The upper series of 4 pairs of curves shows approximately the monthly 
march of mean daily totals of radiation received on a horizontal surface directly from 
the sun and diffusely from the skj', broken line (after ICimball) and the radiation 
index, continuous line, calculated for each month as described in the text. The 
central group of curves shows the same data plotted as a scatter diagram with the 
monthly points for each station connected by a solid line. The mean standard is 
represented by a broken line. The lower pair of curres represents the comparison 
between annual measurements (broken line) and the radiation index (continuous line) 
for each of the 4 stations. 

The curve of corrected radiation index shown in Chart II is 
according to the principles embodied in Table 2. Since the correc- 
tions are on the basis of latitude and altitude, it would seem that 
thej^ can be made in conformitt' with the concept of the index. 
However, with reference to either the uncorrected or the corrected 
index, comparison of states with each other witliin the 3 chief 
groups would seem to show a significant correlation between defi- 
ciency of solar radiation and mortality due to pernicious anemia. 

Conclusions. 1. For the geographic and climatic conditions repre- 
sented by Madison, Wis., Lincoln, Neb., and Washington, D._ C., 
in the United States, and Havana, Cuba, the solar energy received 
per month and per anmini is represented with fair accuracy by the 
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result of dividing by 3 the sum of the angle of incidence of tbe Ws 
rays at the equinox, the percentage of possible sunshine and lUU 
minus the mean relative humidity at about 8 p.m. 
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CiiAnT II. — The scale for radiation index is reversed to make a low index compar- 
able -adth height on the scale of mortality from pernicious anemia. The broken line 
indicates mortality from pernicious anemia, the continuous lines indicate radiation 
index. The cun’O of radiation index is uncorrected between the two arrows and on 
the left below and on the right above. Where it is continuous with the central por- 
tion it is corrected in its range to left and right of arrows as shown in Table 2. 


2. The data presented are considered to show a significant rela- 
tionship between relative lack of solar radiation and mortality from 
pernicious anemia in the United States prior to the introduction of 
the therapeutic use of liver. 
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(Harvard) of the Boston City Hospital, and the Department of Medicine, 
Harvard Medical School.) 

Numerous investigators have studied the problem of pigment 
metabolism and debated whether any of the bile pigment that flows 
into the intestine is conserved bj' absorption for some purpose asso- 
ciated with hemoglobin regeneration. There is no definite agreement 
as to whether or not bile pigment can be absorbed and utilized 
by the body for this purpose. The studies have been made largely 
on animals and not on patients with anemia. From experimental 
work with bile-fistula dogs, Whipple^ and his coworkers conclude 
that bile pigment is a waste product. By injecting hemoglobin or 
by feeding bile®-"* to dogs in good nutritional condition but rendered 
anemic by chronic blood loss, a failure to gain in hemoglobin and a 
recovery of the bile pigment indicated that pigment was not con- 
served. Although Blankenhorn® and other investigators'^ found 
that, in dogs, bilirubin as such is not absorbed from the intestine, 
they have indicated that other bile pigments may be taken into the 
body from the intestinal tract. The studies of Broun, Mchlaster 
and Rous® and other observers’-’® support the contention that bile 
pigment can be absorbed from the intestine for building hemoglobin. 
The former authors showed that after feeding sheep bile to dogs it 
could be recovered in the dogs’ bile. Furthermore, it has been 
demonstrated in animals that chlorophyll”-” and related pjTrol 
substances” can be absorbed so as to influence favorably the regen- 
eration of hemoglobin. 

Ever since Vircliow’^ identified the chemical similarity between 
hematoidin and bilirubin in blood extravasations, there has been 
an implied interrelationship between hemoglobin and bile pigment 
metabolism. Where blood destruction is prominent as in hemolytic 
jaundice, it is well recognized that the increased excretion of bile 

* This investigation ivaa aided in part by a grant from the J. K. Lilly gift to tho 
Harvard Medical School. 
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pigment is due largely to the rapid liberation of hemoglobin from 
the red cells. An mcreased excretion of bile pigment, as in pernicious 
anemia, may depend in part upon an inability of the body to utilize 
pigment-forming substances, not necessarily derived from excessive 
red blood cell breakdown. Studies, which are less widely appre- 
ciated, indicate that the amount of bile excretion is diminished by 
blood loss and conversely that loss of bile through fistula may result 
in anemia. For example, Whipple* has shown that dogs rendered 
anemic by repeated hemorrhage excreted less bile than normal dogs. 
McMaster, Broun and Rous^® and Seyderhelm*® note that dogs 
with biliary fistulse, and presumably without bartonella infection, 
develop anemia, although Whipple does not concur in these findings. 
There has been disagreement as to the technique, results, and inter- 
pretation, but in the final analysis it seems likely that an interplay 
of some sort occurs between the factors for hemoglobin formation 
and bile pigments. It is not implied that because hemoglobin is a 
precursor of bile pigment, the reverse must take place, but it is felt, 
in view of studies to be described, that bile pigment probably plays 
a role in hemoglobin formation. 

It would be hazardous to make literal translation to human dis- 
ease of evidence coming solely from the unnatural conditions imposed 
by animal studies. In addition to the experimental data, however, 
there is clinical evidence supporting the hypothesis that bile pig- 
ment may be concerned in hemoglobin formation. Decreased 
pigment content of the plasma in “secondary anemia” has been 
known for a long time. As Whipple” says: “Secondary anemia in 
direct contrast to pernicious anemia is a disease in which there is a 
deficit of hemoglobin pigment and related pigments.” The low 
icteric index of uncomplicated cases of hjqjochromic anemia stressed 
by Meulengracht,^® and the decreased bile pigment excretion in the 
stools as noted, for example, by Addis” imply a pigment want in 
these patients. 

The oral administration of adequate amounts of inorganic iron 
can cause rapid hemoglobin regeneration in many patients with 
hypochromic anemia. Iron given parenterally*® may be recovered 
in the blood almost quantitatively in an organized form— hemo- 
globin; but as the hemoglobin rises, there tends to be a greater 
discrepancy between the amount of iron injected and the amount 
of hemoglobin formed. Iron cannot, of course, by itself make hemo- 
globin. Copper, and_ apparently other mineral elements,*^-*-*® may 
supplement the effectiveness of iron in rats rendered anemic by milk 
diet; but something more than minerals is required to form the 
complex hemoglobin molecule. Certain amino acids may affect 
hemoglobin regeneration,*'* and a deficiency of these might play 
a role in disease, so that a proper supply might facilitate the building 
of a portion of the hemoglobin molecule. In hypochromic anemia 
■n here iron is so effective, the body maj'^ perhaps retain a sufficient 
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supply of factors other than iron from which to make hemoglobin. 
However, it is reasonable to suppose that in some cases these factors, 
too, are deficient; or if they are not actually deficient, perhaps an 
inability to utilize them may exist. Theoretically, also, some abnor- 
mality in the utilization of iron may occur which might be overcome 
when a suitable supply of other hemoglobin-building substances is 
made available. 

In chronic hj'^pochromic anemia there is often more than one 
etiologic factor; dietary deficiency, faulty gastro-intestinal function, 
including achlorh 5 ’^dria, blood loss and pregnancy— all may play 
a role in causation. Thus, there are numerous opportunities for 
deficiencies in the body of other material than iron necessary for 
the synthesis of hemoglobin. 

With adequate iron therapy certain patients with hypochromic 
anemia are unable to reach or maintain a hemoglobin concentration 
of more than about 75% of normal, when evidence of inhibitory 
factors, such as infection, is lacking. Occasionally in such cases, 
the addition of liver, rich in pigment pyrrols, satisfies the gap,-®--® 
Whipple^ ^ has shown clearly that liver harbors material which 
independently of iron, is potent for blood regeneration in hypo- 
chromic anemia due to hemorrhage. This substance is different 
from the substance in liver effective for pernicious anemia. 

Presumably factors for the construction of the globin portion 
of hemoglobin are contained in any diet that is not lacking in suit- 
able protein, and perhaps the same 'may be true for the hematin 
portion— a pigment pyrrol component. There is indirect evidence, 
however, that this portion is more necessary to the body econom}^ 
Since bile pigment is diminished in cases of hypochromic anemia 
and since it is rich in the hemopyrrol material found in hemoglobin, 
it was decided to determine what hemopoietic effect, if any, con- 
centrated bile pigment might exert in human chronic hypochromic 
anemia. These cases are most satisfactory ones in which to estimate 
the value of material for hemoglobin regeneration. This is not only 
because of the relatively much greater reduction of hemoglobin than 
red blood cells, but also because such cases do not develop "spon- 
taneous” improvement in their blood, except occasionally, and then 
only very slowly. 

Methods. Reticulocyte counts were made daily on capillary blood. 
Hemoglobin and red blood cell counts were determined from venous blood 
everj '^'2 or 3 days. The hemoglobin was estimated from an average of 
two readings vith Sahli hemometers, standardized by van Slyke oxygen 
aapacity determinations, so that 15.6 gm. of hemoglobin per 100 cc. cor- 
responded to a capacity of 21 volumes of oxygen %. 

Before the observations reported here on the effects of concentrated 
bile pigment were begun, the same sort of observations were made with 
ox bile (fels bovis, U. S. P.) on 6 cases of chronic hypochromic anemia. 
When about 2 gm. daily were given, responses of the same sort as reported 
below were obtained, but their magnitude was slight. This amount of 
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Jels hovis often caused epigastric distress and diarrhea, presumably from the 
bile salts. Diarrhea, of course, could prevent absorption and lead to 
dehydration, thus confusing hemoglobin values. Therefore, a preparation 
relatively free from salts was sought after, for it was- believed that the 
hemopoietic effect noted had been due to pigment rather than bile salts, 
as claimed by Seyderhelm.'-^ Eli Lilly and Company kindly made the 
concentrated preparation of bile pigment used by a process briefly described 
as follows: Beef bile was made alkalin with ammonium hydroxid and a 
concentrated solution of calcium chlorid added to the point of complete 
precipitation. The precipitate was centrifuged off and washed with water, 
10% acetic acid, a mixtur.e of acetone and ether, and ether. The residue 
was then dried quickly in vacuo. This provides a product essential^ free 
of bile salts, inorganic salts, cholesterol, fats and mucin. On chemical 
analysis only traces of iron were present. 

The pigment was administered in capsule form liecause of its bitterness. 
No toxic or undesirable effects took place. 

Nine selected cases of chronic hypochromic anemia were fed the con- 
centrate of bile pigment. The first 8 cases had not been treated. The 
patients were given the usual hospital fare, excepting meat and eggs. 
After about 5 days’ observation, during which time the blood values were 
unaltered, each patient was given daily about 2 gm. of the bile pigment for 
an average of 6 days. No other medication was used until a 10-day period 
liad been fulfilled. 

A second period of 10 days followed directly, during which iron and 
ammonium citrate was given in daily doses, usually of 0.5 gm. In a third 
period the same daily dose of iron was continued, and in addition bile 
pigment in about the same amount as before. Thus, there were 3 sets of 
observations, namely, on the effects of bile pigment, on small doses of iron, 
and on iron with bile pigment. All medication was given by mouth and the 
same vehicle, either milk or orange juice, was used throughout the observa- 
tions on the one case. Two sets of observations were also made on the effect 
of bile pigment in a patient (Case 9) udth idiopathic hypoclmomic anemia, 
who had been unable to regain a normal hemoglobin level in spite of large 
doses of iron for many months. 

Results. Table 1 records synoptically the observations on the 
eftect of bile pigment, iron, and iron with bile pigment successively. 
It is emphasized that this tabulation begins after an observation 
period without therapy when the reticulocj'tes and hemoglobin 
remained remarkably constant. In the first period with bile pig- 
ment there occurred a rise of hemoglobin unaccompanied by a 
change in the reticulocytes. The hemoglobin rise in 10 days was 
usually about 6%, and in Case 4 was 15%. 

The second period with a distinctly suboptimal daily dose of iron 
and ammonium citrate follows directly, that is to say, the second 
day of this period was 2 days after the last observation recorded in 
Period 1. The only notable effect here is that with considerable 
regularity, there occurred a small reticulocyte response, although in 
Case 2 a relatively rapid and large response took place. During 
this period the hemoglobin concentration in each case, except Case 2, 
remained practically constant for 10 days. In Case 2, with the unusu- 
ally pronounced reticulocyte vesponse to a small dose of iron, the 
hemoglobin rose 10% between the 10th and 20th days. 
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Note. — Tho red blood coll counts aro not recorded. Thoir numbers were essentially unchanged during the observations. The average initial 
level was 4,000,000 per cmm. Tho most marked change occurred in Case 2 (C/. Chart II). For tho sake of brevity only tho bi-daily data are 
recorded. Tho periods are consecutive. For example, the second day of tho second period is 2 days after the last observation for tho first period. 
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In the third period in which bile pigment was added, and the 
same dose of iron maintained, a second reticulocytosis took place 
with regularity, except in Case 5, wdiicli was given only 65% of the 



Chaiit I. — Hemoglobin and reticulocyte responses to the feeding of bile pigment 
and iron in a patient (Case 1) with chronic hypochromic anemia. This chart is 
scaled to illustrate clearly the effects on hemoglobin. 


amount of bile pigment administered to any other case. The 
hemoglobin concentration increased 5% in 10 days on the average 



Chaht II. — 
feeding of bile 
anemia. 


Red blood corpuscle, hemoglobin and reticulocyte responses to the 
pigment and iron in a patient (Case 2) rvith chronic hypochromic 


for 5 cases, but in the other 2 cases (Nos. 5 and 8) the hemoglobin 
remained constant. 

In all instances after these observations had been made, 6 gm. of 
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iron and ammonium citrate were given daily and the Jiemoglobin 
rose rapidly. In Charts I and II there is a graphic representation 
of the data for 2 of the cases (Nos. 1 and 2) which permits one to 
observe more readily than from the table the course of events. 

In Table 2 are recorded synoptic data concerning a woman with 
severe idiopathic hypochromic anemia and achlorhydria (Case 9) 

Table 2.— The Effect of Feeding Bile Pigment in a Case (No. 9) Which Did 
Not Obtain a Normal Hemoglobin Level When Treated for Months 
WITH 0 Ghams of Iron and AMitoNimt Citrate Daily. (Synoptic Data.) 


Duration. 

Hemoglobin 
per cent. 

R. B. C. 
millions 
per cmm. 

Therapy daih'. 

Anemic 15 years 

15 

2.0 

None. 

After 3 months .... 

70 

4.0 

Iron. 

For 7 months .... 

6S-73 

3. 7-4.0 

Iron. 

For 4 months .... 

71-73 

3.S-4.0 

Iron -f- 4 gm. Vegex. 

After 2 days .... 

71 

3.9 

Iron + 1 gm. bile pigment. 

After 4 days .... 

70 

4.0 

Same. 

After S days .... 

70 

3.8 

Same. 

After 10 days .... 

SO 

4.2 

Same. 

After 12 days .... 

SI 

3.9 

Same. 

After IG daj's .... 

S5 

4.2 

Same. 

After 15 days .... 

78 

4.0 

Iron. 

After 30 days .... 

70 

4.4 

Iron. 

After 130 days .... 

74 

4.3 

Iron. 

After 30 days .... 

SI 

4.3 

Iron -f 1 gm. bile pigment. 

After 65 days .... 

73 

4.0 

Iron. 


who had been unable to regain a normal hemoglobin level in spite 
of large doses of iron. This patient, a 62-year-old widow, had been 
anemic for 15 years. For a long time her diet had contained little 
animal food, except milk and butter, and only small amounts of 
pureed vegetables and fruit. She suffered also from dysphagia and, 
although this symptom decreased greatly in severity as the hemo- 
globm concentration mcreased from 15 to 70% with iron therapy, 
it prevented her from being willing to take a well-balanced diet. 
Thus, not only while under treatment for 22 months but for years 
previously, her diet had been deficient in various waj'-s. _ Through- 
out the observations she took G gm. of iron and ammonium citrate 
daily. In the 1 1 months before bile pigment was given, the constancy 
of her hemoglobin concentration, about 70%, was remarkable. 
The rise to S5% in 16 days, when 1 gm._ daily of the bile pipient 
preparation was added, thus seems significant. On discontinuing 
pigment for 4 months the hemoglobin slowly fell to 74%. _ Upon 
resuming the bile pigment again for a month the hemoglobin rose 
to 81 % and fell once .more in about 2 months to 73% with iron alone. 


BILE PIGMENT AND HEMOGLOBIN REGENERATION 


213 


This patient was also given a concentrate of vitamin B (Vegex) 
4 gm. a day for 4 months to see if it could affect her hemoglobin, 

but it did not do so. i 

Discussion. The changes in the percentage figures for reticulo- 
cytes recorded with the data synopsized in Table 1 may appear 
unimpressive to persons who are not acquainted with reticulocyte 
responses in hypochromic anemia. One should recognize that a 2% 
increase of reticulocytes in a red blood cell count of 4,000,000 per 
cmm. represents a total increment of 80,000 such cells per cmm., 
and that under the strict conditions of the experiments, the changes 
which occurred are of significant magnitude. A considerable regu- 
larity of the responses and a similarity of the patterns of response 
to bile pigment with and without iron in the different cases, indicate 
that coincidence or chance are not the cause of the blood changes 
observed. When bile pigment alone was fed, the increase of hemo- 
globin concentration, although slight, occurred without appreciable 
change in the number of reticulocytes or red blood cells. This 
suggests a special focus of effect, that the pigment was absorbed 
and was used in the construction of hemoglobin, as McMaster and 
Elman® and Zild® contend took place in their animal experiments. 

The data presented do not indicate the extent of hemoglobin rise 
with protracted feeding of bile pigment alone. There is evidence 
at hand that in such cases hemoglobin will increase no more than 
the S patients showed, when pigment feeding is continued beyond 
about 10 days. 

The suboptimal daily amounts of iron were given so that any 
effect on blood formation of adding bile pigment could be demon- 
strated by the course taken by the reticulocytes. If optimal daily 
doses of iron are given continuously, no further response of the 
reticulocytes occurs after the initial reaction subsides. It has been 
shown, however, that if a suboptimal quantity of potent material 
is given daily, and no reaction or a suboptimal reticulocyte response 
occurs, and that if then a second reaction takes place when material 
is added, the substance causing the second response is more potent 
than the first. If the second response is greater than the first, the 
potency of the material responsible for this reaction is greater tlian 
the material first tested.®® The data recorded in Table 1 and Charts 
I and II, indicate the occurrence of a second reticulocyte reaction 
when bile pigment was added to daily suboptimal (0.5 gm.) doses of 
iron and ammonium citrate. Indeed, sometimes (Cases 2 and 7) this 
response was as great as that usually expected with optimal doses of 
iron and ammonium citrate for the given hemoglobin and red-cell 
level, as determined by Minot and Heath.®® Differences in response 
could depend upon the anatomical and functional state of the gastro- 
intestinal tract and hemopoietic organs of the given patient’s 
body. In anemia in man, seldom will these factors be identical, 
as may occur in experimental animals. 



214 


PATEK, MNOT: 


The second reticulocyte reaction occurred a trifle earlier and 
rnore abruptly than after the response to 0.5 gni. iron and ammonium 
citrate alone. This also happens when a suboptimal amount of iron 
is replaced by an optimal dose. It is believed, therefore, that the 
bile pigment facilitated either iron absorption or utilization. 

We have as yet not determined whether hemoglobin regeneration 
with bile pigment and small doses of iron will continue to the 
normal level at essentially the same rate, as occurred in some of the 
cases in a 10-day period. 

Speculation on how bile pigment increases the effect of iron is 
interesting but will not be discussed. Many factors must be con- 
sidered, such as the composition and state of the gastro-intestinal 
contents, the transfer of the material across its membranes, the 
intermediary agents of iron and hemoglobin metabolism. 

There are several factors which may enter into the etiology of 
chronic hypochromic anemia. Justly, Robscheit-Robbins^o has 
criticized the confusion arising out of failure to distinguish between 
nutritional anemias and blood-loss anemias; but in adult human cases 
one dare not be dogmatic about the exact condition in a given case. 
For instance, the patient with chronic blood loss usually develops 
a poor appetite and finally a dietary lack. Achlorhydria may hinder 
iron absorption or utilization. Menorrhagia and pregnancy also 
may intensify anemia in a woman who has had a faulty diet for 
years. 

Such conditions may explain why man may respond and why 
Whipple’s dogs'*’® did not respond by increase of hemoglobin to 
pigments rich in hemopjorol groups. The dogs with chronic blood 
loss were in good nutritional states, whereas tlie patient with hj’^io- 
chromic anemia whose diet characteristically is high in concentrated 
carbohydrate food and low in protein may need the factors supplied 
in the control “salmon bread” diet given to Whipple’s dogs. 

The observations we have recorded are regarded mostly as of 
physiologic interest because adequate amounts of iron alone alle- 
viate hiTJOchromic anemia in many patients. It is, of course, 
important for all individuals to have a proper diet. If the patient 
with hypochromic anemia persistently has a faulty diet, although 
iron can cause great improvement, the body may be deficient in 
other factors needed to make hemoglobin. It is suggested that such 
a condition occurred in the patient (Case 9) who could not obtain a 
normal hemoglobin level with large doses of iron. The prompt 
rise of hemoglobin following the feeding of bile pigment after a trial 
period of 1 year with iron cannot be considered fortuitous, especially 
when the same event took place a second time. Other cases of this 
sort should be observed, and determinations rnade as to whether 
bile pigment or other pigment substances sometimes may not be of 
therapeutic value. 
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Summary. Nine selected patients with chronic hypochromic 
anemia were studied to determine whether bile pigment could assist 
in hemoglobin production. 

Concentrated bile pigment alone caused not a reticulocyte 
response but an increase of hemoglobin, about 7% in 10 days. This 
indicates that in certain anemic patients bile pigment can be 
absorbed from the gastro-intestinal tract for building hemoglobin. 

After a reticulocyte response occurred to a suboptimal dose of 
iron, bile pigment was fed directly with the same dose of iron, and 
there followed a second reticulocyte response. The second response 
was sometimes of greater magnitude than the first. This indicates 
that bile pigment in some unknown manner can facilitate either 
iron absorption or utilization. 

One patient who could not obtain in 14 months a normal hemo- 
globin level with large daily doses of iron promptly increased her 
hemoglobin concentration when bile pigment was fed in addition to 
iron. 

It is suggested that in certain cases of hypochromic anemia 
there may be a deficiency of a useful material that is contained in 
bile pigment in addition to iron deficiency. 
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NOTE ON INEFFECTIVE USE OF THEELIN IN A CASE OF 

HEMOPHILIA. 

By Louis L. Tueeen, jM.D., 

assistant visiting physician, JEWISH HOSPITAL., 

ST. EOHIS, MISSOURI. 

(From the Medical Service of the Jewish Hospital.) 

The object in the trCcatment in hemophilia is twofold— to secure 
hemostasis during hemorrhage and to render the patient less sus- 
ceptible to bleeding at all times. That there are numerous methods 
of treatment, renders all suspect. Various characteristics of the 
disease contribute to the difficulties of evaluation. As the patient 
becomes older, the tendency to bleed decreases. There is also a 
constantly changing tendency of a hemophiliac to bleed, and coagu- 
lation time tests made at different times may range from a normal 
clotting time to one which is markedly delayed. These changes 
may be abrupt and marked vdthout apparent reason. It has been 
impossible, however, through tlierapeutic measures available to us, 
to lower the hemophiliac’s clotting time, and to keep it low. The 
Spanish preparation, “nateina,” for instance (containing ^dtamins 
A, B, C and D, with calcium phosphate and lactose), though in 
widespread favor in Europe at present, is not recommended by 
more recent studies.' 

There has always been an attempt to link the sex-limited nature 
of this disease with some peculiarities in the sex glands or hormones. 
This offered a basis for study of the therapeutic value of the female 
sex hormone. In 1904, Grand and Heyter= administered female 
sex gland by mouth. Ten years later, Schlossman’ repeated their 
attempts, all of which yielded unsatisfactory results. More recently, 
BirelA’ ® studied the excretion of female sex hormone in the urine 
of hemophiliacs and hemopliilia conductors. In normal male urine, 
minute quantities of female sex hormone is present. In hemophilic 
urine, no trace of this hormone could be found. With these facts 
as a basis, she transplanted whole ovary into the abdominal wall 
of a hemophilic boy and reported that he was free from bleeding 
for the entire period of observation (5 months). Subsequently she 
has resorted to the injection of female sex hormone, with apparently 
good results. During the past year, several reports in the literature 
speak favorably of this method.®- ‘ Mills® states that biweekly 
subcutaneous injections of 1 cc. theelin lowers the coagulation time 
of hemophilic blood. Larger doses, or less frequent injections, are 
of less favorable value. 

For the past several months we have had an opportunity to study 
the effect of theelin on the bleeding tendencies of a hemophiliac. 
In addition to the clinical observations on the frequency, duration 
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and severity of bleeding, we followed the effect of treatment on the 
coagulation time. We felt that it was important to secure a lower- 
ing of the coagulation time, which would be persistent, before we 
could pronounce the treatment a therapeutic success. But it is 
necessary, in adhering to this criterion, to remember that hemophilic 
blood varies in its degree of coagulability spontaneously.- Hence, 
observations must be made over long periods of time before results 
can be called conclusive. 

Case Abstract. The patient, at present aged 26, first came under obser- 
vation in 1926 with the history of repeated bleeding in cliildhood. His 
maternal uncle is a known bleeder, but no other history of hemophilia is 
available. During the 7 years of observation he has had numerous severe 
hemorrhages, many of spontaneous origin, many others following trauma. 
Hemorrhages have been most often into the gastro-intestinal tract, and 
into the left elbow and right shoulder joints. He has required numerous 
transfusions, and at times has been critically sick from exsanguination. 
From November, 1931, to November, 1932, he had 4 attacks of bleeding 
into the right shoulder joint. Bleeding, swelling, pain and limitation of 
motion during each attack lasted from 10 to 14 days. It was toward the 
end of an attack of hemarthrosis in October, 1932, that theelin therapy 
was begun. After the second dose of 1 cc., given on successive days, the 
bleeding stopped promptly. Since this was about 10 days after the onset 
of his iffness, the usual duration of previous attaclis, we were inclined to 
consider the circumstances of treatment and result as coincidental. On 
November 19, 1932, pain, swelling and the usual sequels appeared in the 
right shoulder. He received 4 daily injections of 1 cc. theelin intramuscu- 
larly from November 21 to 23. After the second injection, 4 days after 
onset, the pain was almost gone, and he was able to move his arm. By 
November 23, he was over this attack, in less than 5 of his usual period of 
disability. 

We planned, after the elapse of a sufficiently long period of time, so that 
the effects of the hormone would not interfere with our observations, to 
make clotting time determinations, institute theelin administration and 
study the effect of various doses on the coagulation time and on the 
prothrombin time. In a symptom-free period, December 6 , the re- 
sults of the blood studies were as follows: Bed blood cells, 4,750,000; 
white blood cells, 7500; hemoglobin, 70% (Sahli); fragility normal; bleeding 
time, 3 min.; clotting time (Howell’s method), 38 min.; prothrombin time, 
32 min.; clot retraction time, within 12 hr. The only abnormal findings 
in these tests were prolonged coagulation and prothrombin time, the normal 
values of wliich are witliin 10 min. 

^ Four daily injections of 1 cc. each were given, beginning December 6 . 
Three^days after the last injection, clotting time was 30 min.; prothrombin 
time, / min. Accordingly, confident that we had secured some results, we 
prescribed the oral preparation of female sex hormone, theelol, 1 capsule 
daily. The patient continued well untff December 31, when he noticed 
headache, dizziness and sleepy spells, which in the past had accompanied 
bleeding. Coagulation time now was 40 min; red blood cells, 3,690,000; 
hemoglobin, 45% (Salffi), with considerable occult blood in the stool. He 
went to bed and received a daily injection of theelin for 4 days, the last 
one being given on January 3, 1933. On Januarj' 5 , he felt much better, 
and the stool had a normal appearance. On Januarj’' 6 , coagulation time 
was 1 - mm ; prothrombin time, 18 min.; 1 cc. of theelin wns also injected. 
I'jve dai-s later the coagulation time was stiff 12 min. The dose was 
repeated, and after another interval, this time of a week, coagulation time 
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had increased to 31 min., protlirombin time to over 50 min. Another 
dose of 1 cc. was administered on tliis day, Januarj' 18. On January 23, 
the clottmg time was 23 min., protlirombin time 50 min. 

A series of 4 daily injections was begun on Januarj’- 26. The clotting 
time changed from 23 min. to 17 after the 3d injection. Prothrombin 
time remained at about 1 hour. Three days after the last of this series of 
injections, clotting time was 24 min. 

A second series of injections, this time 2 cc. daily for 4 doses, was begun 
on Febmaiy 1. The clotting time remained wtually unchanged. Pro- 
thrombin time fluctuated markedly, but inconsistently during the period 
of treatment and not in consonance with the coagulation time. 

The dose subsequently was reduced to 2 cc. every other day. Tliis 
series began on February 6 and continued through February 20, for a total 
dosage of 16 cc. During this time the coagulation time fluctuated between 
15 and 25 min. The protlirombin time varied from 18 to 25 min. On 
February 21, bleeding began in the right shoulder. On February 23, 
coagulation time had risen to 34 min., prothrombin time to 48 min. On this 
date, a daily injection of 1 cc. of theelin was begun. On February 24, the 
coagulation time was 30 min. On February 25, the pain in the shoulder 
was disappearing, the patient was again able to raise liis arm. The coagula- 
tion time was 22 min. On February 27, the patient was quite well; coagu- 
lation time was 24 min., prothrombin time 30 min. 

• DECEMBEB, 1932 JANUABY, 1933 FEBBUABY 



The accompanying chart is a summary of the treatment and the 
curve of the coagulation time. Although in the earlier days of 
observation, the clotting time seemed to decrease after the adminis- 
stration of theelin, and the bleeding stopped shortly after the iiisti- 
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tution of theelin treatment, twice during the course of treatment 
the patient developed spontaneous hemorrhages, once from the 
intestines and once into the shoulder joint. The coagulation time 
fluctuated markedly during January and February regarcfless of 
the dosage of theelin given. At no time were we able to bring the 
coagulation time down to a normal level, nor were we able to make 
any definite decrease in coagulation time, a persistent condition. 
Since cessation of regular theelin administration, the patient had 
an attack of hemarthrosis in April and a severe attack of gastro- 
intestinal bleeding in May. After 4 daily injections of theelin the 
hemarthrosis stopped. However, no clinical effect was obtained 
with theelin during his attack of intestinal hemorrhage. 

Summary. Attempts to render a hemophilic individual less 
susceptible to bleeding by the use of the theelin, injected intra- 
muscularly, or administered by mouth, have failed. We have been 
unable to observe a constant lowering of the coagulation time as a 
result of this treatment, nor has the coagulation time been reduced 
to a normal level during the period of observation. If theelin 
therapy is an effective remedy, we have as yet not learned the 
proper dosage and interval of administration. 

I am indebted to Dr. Llewellyn Sale for the opportunity to study this case. 
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Before coronary occlusion wms described as a clinical entity,^ 
cases of acute myocardial infarction wmre frequently misdiagnosed 
cholelithiasis, perforated peptic ulcer, or acute indigestion. Shortly 
after the clinical features of this condition w'ere described, however. 
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a number of articles appeared in the literature reporting cases which 
at first appeared to be acute upper abdominal disease, but which 
ultimately proved to be acute coronary occlusion.-' The differen- 
tial diagnosis of coronary artery disease and upper abdominal dis- 
ease has been adequately discussed.®' 

More recently the knowledge of coronary occlusion has become 
so widespread that it is very frequently diagnosed. This diagnosis 
is usually made correctly, but occasionally erroneously. The result 
is that one now encounters cases of upper abdominal disease which 
have been erroneously diagnosed angina pectoris or coronary 
occlusion. In 1925 Eobey® reported 2 cases of gall bladder disease 
in which some of the sjTnptoms, especially precordial or substernal 
pain, suggested angina pectoris, and also 2 cases in which both gall 
bladder disease and coronary disease were present. He also discussed 
the differential diagnosis. In 1932 Brown® discussed atypical and 
referred pain due to visceral disease and pointed out that coronary 
disease may simulate upper abdominal disease. He also empha- 
sized tliat cardiac symptoms may predominate in unsuspected gall 
bladder disease, and that treatment of the gall bladder condition 
may result in complete relief from all symptoms. 

In view of the relative lack of emphasis upon this phase of the sub- 
ject, it seems desirable to report 4 cases, 2 of cholelithiasis and 1 
of perforated gastric ulcer in which the clinical findings were very 
strongly suggestive of coronary occlusion, and 1 of cholelithiasis 
and coronary disease, entirely relieved of all symptoms following 
cholecystectomy, possibly because coronary occlusion occurred 
during or soon after the operation. 

Case Reports, Case 1 . — A retired merchant, aged 74 years, was examined, 
December 16, 1932, at the request of his home physician who had made a 
diagnosis of angina pectoris. This diagnosis was apparently based upon 
attacks of pain high in the epigastrium or beneath the lower sternum, 
occurring in an elderly man with arteriosclerotic changes and mild diabetes. 

The first of these attacks occurred in November, 1931. There was 
severe pain high in the epigastrium accompanied by vomiting, lasting 
3 hr., and relieved promptly by a hypodermic injection. The pain did not 
radiate. On the following day the patient felt quite well. There was no 
fever or jaundice. 

A second attack occurred on November 17, 1932, hr. after a hea^w 
meal. There was very severe pain high in the epigastrium, accompanied 
by vomiting and lasting 2h lir. The pain did not radiate. There was no 
fever or jaundice, but the patient remained in bed for 1 week. Since then 
he has felt weak and worn out. He has had no pain upon exertion and 
only slight shortness of breath. 

The examination showed the patient’s general condition to be remarkably 
good. The heart was normal in size, its rate and rhjdhm were normal. 
The heart sounds were faint, and there were no murmurs. The blood 
pressure was 130/80, and the bracliial arteries were not thickened. The 
lungs were emphj^sematous, but there were no riles. The abdomhn was 
negative; there was no tenderness and the liver and spleen were not enlarged. 
There was no edema of the extremities. 
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The blood count and hemoglobin were normal. The urine was normal, 
with the exception of a moderate amount of sugar. The electrocardiogram 
showed moderate left axis deviation with normal T waves, and was not sug- 
gestive of coronary occlusion. . Roentgen ray examination showed no abnor- 
mality of the heart, but the aorta w^as somew^hat elongated and tortuous, 
and its base slightly widened. Gastro-intestinal Roentgen ray studies 
revealed no abnormality of the stomach or duodenum. _ Cholecystograms 
after ingestion of the gall bladder dye resulted in non-visualization of the 
gall bladder, but also revealed a large, solitary, stratified gall stone. 

The patient’s symptoms were undoubtedly due to gall bladder disease. 
There w^as no eiddence of heart disease. The diagnosis of angina pectoris, 
however, had been made and treatment for this had been instituted. 

Case 2.— A physician, aged 51, was examined, November 17, 1931. 
A provisional diagnosis of coronary artery disease had been made. The 
patient had had 7 attacks of pain in the epigastrium and precordial region. 
The first 5 wnre alike. The pain was confined to the epigastrium and 
was somewhat rhythmic. It bore no relation to exercise or food, excepting 
that all attacks occurred in the evenings of days when he felt very much 
exhausted. These attacks were not very severe; they lasted only 2 hr. and 
the patient felt quite well after the attacks. There was no nausea or jaundice. 

The last 2 attacks began in the same way, but instead of relief after 
2 hr., a very severe pain developed in the midprecordium, steady and not 
radiating, not relieved by morphin and relieved for a few minutes only by 
amyl nitrite. During 1 attack the blood pressure was 110 systolic, and the 
patient was covered with perspiration. There was no nausea, jaundice or 
fever. On the days following the severe attacks the patient felt quite 
w'ell and w'as able to see his patients as usual. 

The examination showed the patient to be moderately obese. The heart 
was normal in size; its rate and rhsdhm were normal. There were no 
murmurs. The blood pressure was 135/95. The lungs were clear. The 
liver and spleen were not enlarged. There was no edema. 

The electrocardiogram showed slight left axis deviation, noth normal 
T waves. It was not suggestive of coronary occlusion. Roentgen ray 
studies revealed no abnormality of the heart, lungs or stomach, but there 
was moderate spasm of the pylorus, the duodenal bulb was displaced some- 
what posteriorly, and the gall bladder was not visualized after ingestion of 
the gall bladder dye. No gall stones were detected. 

These findings suggested very strongly that the patient’s sjnnptoms were 
due to disease of the gall bladder and not of the heart. 

On December 14, 1931, the patient wote that further Roentgen ray 
studies had revealed spasm of the pylorus and non-visualization of the 
gall bladder after ingestion of the dye. He had had no further attacks. 

On Alay 10, 1932, the home physician reported that the patient had 
been operated upon. The gall bladder was enlarged, its wall thickened and 
it contained many stones. The patient died of peritonitis following the 
operation. 

In tins case the sjmiptoms were so strongly suggestive of coronary 
urtery^ disease, particularly the transient relief from the precordial pain 
following the inhalation of amjd nitrite, that a provisional diagnosis of this 
condition W’as made. Further studies, however, rei'ealed no evidence of 
disease of the heart, but did reveal evidence of gall bladder disease wiiich 
must have been responsible for the patient’s sjTnptoms. The amyl nitrite 
may have relieved the pain by relaxing spasm of the pylorus or in the biliarv 
tract. 

Case 3.— A manufacturer, aged 63, was admitted to the surgical service 
as an cmcrgenc}' at 12.30 a.m., December 10, 1930, complaining of verv 
severe, steady pam ui the midepigastrium. The pain began suddenly 
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3 P^e^^oVlsl 5 ^ It ^vas coostant, not associated with nausea or vomiting, 
and did not radiate. For 3 or_4 j^ears pre\dousIy he had experienced occa- 
sional cramping abdominal pains, accompanied by eructations of gas and 
occurring at irregular intervals after meals. He stated that his pulse had 
alwa^ been slow, and that he had been warned by a physician, who had 
examined him about 6 months previously, to restrict liis actiiities and to 
avoid strenuous exertion bemuse of elevated blood pressure and a heart 
condition, but he gave no history of symptoms suggesting previous heart 
disease. 

The patient was an asthenic, elderly male who appeared acutely ill.- 
He was ashen gray, but vdthout apparent dyspnea or cyanosis. The oral 
temperature was 95“ F., the pulse 52 and the respirations 16. The heart 
was normal in size, its rhythm regular. A definite to-and-fro pericardial 
friction rub was heard over the midprecordium. The heart sounds were 
weak. There were no signs of a valve lesion. The brachial arteries were 
thickened and tortuous. The blood pressure was 170/83. Throughout 
the upper half of the abdomen there was pronounced tenderness and muscle 
spasm. There was no palpable mass and the liver and spleen were not 
felt. The liver dullness was not obliterated, and there were no signs of 
ascites. The lungs were clear. There were no signs of congestive cardiac 
failure. The pupils and the deep tendon reflexes were normal. There was 
a leukocytosis of 11,650 and the urine was normal. 

The surgical diagnosis was perforated peptic ulcer. The liistorj’- of 
previous hypertension, however, the slow pulse and the obvious arterio- 
sclerosis and, most of all, the pericardial friction sound, made it necessary 
to consider seriously the possibility of coronary occlusion. An electro- 
cardiogram was taken; it showed rather flat T waves, much smaller than 
the T waves of an electrocardiogram taken 6 months prenously, wliich was 
available for comparison. There were also occasional extrasystoles. 
Otherwise the curve was not abnormal, it revealed notliing definitely diag- 
nostic of myocardial infarction. With considerable doubt regarding the 
diagnosis still remaining, it seemed justifiable to take the patient to the 
Roentgen ray room. There fluoroscopy revealed a small amount of air 
beneath the diaphragm, under the heart shadow, and just to the right of 
the gas bubble of the stomach. A film was made wdiich confirmed this 
finding. The diagnosis of perforated peptic ulcer could now be made with 
confidence. 

At operation a perforation in the anterior w’all of the stomach, about 
3 cm. above the pylorus, was closed and a posterior gastroenterostomy 
was done. Recovery was uneventful. The patient sat up on the 12th 
postoperative day, was soon walking and was discharged on the 20th day 
after operation. There w’ere no cardiac symptoms. 

Reexamination on June 3, 1931, revealed no evidence of cardiac abnor- 
mality. The blood pressure was 140/90. In May, 1933, the patient 
returned to the hospital because of hematemesis. _ It wns found that the 
bleeding was from a duodenal ulcer. Examination at that time again 
showed no e^ddence of cardiac abnormality. The blood pressure wns 
110/70 after the hemorrhage. An electrocardiogram was normal. The 
T waves w'ere larger than those of December 10, 1930, but there W'ere none 
of the changes which might suggest previous myocardial infarction.” The 
patient made a good recovery. 

In this case a perforated gastric ulcer w^as accompamed by many findings 
suggestive of coronary^ occlusion, including a pericardial friction rub and 
slight, but definite changes in the T waves of the electrocardiogram. Rather 
complete studies at the time, however, gave conclusive evidence of per- 
forated peptic ulcer, and this was confirmed at operation. Subsequent 
obser^'ations have ruled out coronary occlusion. The manner iii which the 
pericardial friction rub was produced remains obscure. 
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Case 4.— A factory foreman, aged 54, was first examined, November 13, 
1931. He complained of vomiting, epigastric pain and shortness of breath. 
The vomiting began 2 years previously and gradually increased in frequency 
until it occurred 3 or 4 times daily. It usually occurred shortly after meals, 
and, as a rule, only small amounts were vomited. Slight nausea and 
eructation of gas often preceded the. vomiting. There was no history of 
jaundice or abnormal stools. 

The epigastric pain had likewise been present for 2 years, hor a long 
time it occurred only upon exertion and was relieved promptly by rest, 
but more recently it had occurred occasionally while the patient was rest- 
ing. The pain always began in the midepigastrium and radiated to the 
precordium, left shoulder and left arm. In the latest attacks it had also 
radiated to the right shoulder and right arm. _ During the last year short- 
ness of breath occurred upon moderate exertion. There was no history 
of edema. There was a cl^onic, productive cough. 

The patient was moderately obese. The retinal arteries showed early 
sclerotic changes. The lungs were somewhat emphysematous, but other- 
vise clear. The heart was slightly enlarged; its rate and rh 3 dihm were 
normal; the heart sounds were distant and there were no murmurs. The 
brachial and radial arteries were not thickened. The blood pressure was 
120/80. There was slight tenderness in the right upper quadrant of the 
abdomen, but the liver was not enlarged and there were no abdominal 
masses. There was no jaundice and no edema. There was a stricture of 
the urethra. 

The Kahn reaction of the blood was negative. The urine and stool 
were normal. The gastric analysis was normal. Roentgen ray examina- 
tion of the upper gastro-intestinal tract was negative. Fluoroscopically 
the heart appeared broad and the base of the aorta slightly widened. 

The patient was given small doses of digitalis and metaphyUin. He 
could not take the latter because of gastric symptoms; he also stated that 
he could not take nitrites because they produced headache. 

Because he failed to improve he entered the hospital on December 12, 
1931. The examination was as before. The urine, stool, blood and spinal 
fluid were normal. Cholecystograms after the oral administration of the 
gall bladder dye revealed faint visualization of the gall bladder with evi- 
dence of a single, large gall stone. Roentgen ray examination showed slight, 
generalized enlargement of the heart and broadening of the base of the 
aorta. An electrocardiogram, taken on December 14, 1931, was normal, 
with the exception of slight depression. of the T waves attributed to digitalis. 
M^le at rest in the hospital the patient had several attacks of epigastric 
pain wliich radiated not only to both arms, but also to both legs. Some of 
these attacla were relieved by nitroglycerin. Amyl nitrite w'as tried 
frequently vithout success. The diagnoses of angina pectoris, cholecystitis 
and cholithiasis were made. 

On December 29, 1931, a cholecj^tectomy was performed under avertin, 
nitrous oxid and ether anesthesia. There was chronic inflammation of the 
gall bladder wall and one large calculus. During the operation the blood 
pressure fell to 68/50, but within a few hours it rose to normal and remained 
normal thereafter. For several days after the operation the patient com- 
plained at times of pain in the abdomen and chest, but this was regarded 
as the usual postoperative discomfort. His general condition was good at 
all tunes, and he was allowed up on the 14th day after operation. On 
January 18, 1932, the 20th day after operation, a second electrocardiogram 
was taken. It showed changes in the Q-R~S and T deflections wliich 
were cliaractenstic of recent coronary occlusion. The patient continued 
to be up and about, without any pain, vomiting or shortness of breath. 
Electrocardiograms taken on January 25 and 29 were sunilar to the cuiwe 
of Januarj’’ IS. He left the hospital on January 29. 
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The patient returned, as ad\’ised, for a check-up examination on ^larch 
16, 1932. ^ He had been entirety free from sjunptoms referable to his heart 
or gastro-intestinal tract, and examination revealed no significant abnor- 
maUfy of the heart. The blood pressure was 115/75. An electrocardio- 
gram on tliis date however, was quite similar to the curves of January IS, 
25 and 29, 1932. . 

This patient had gaseous eructations, nausea and vomiting wliich were 
attributed to gall bladder disease. In addition he had epigastric pain, 
radiating to the shoulders and arms, and shortness of breath, both defi- 
nitely related to exertion and attributed to coronary disease. Following 
cholecystectomj' he was completely relieved of the cardiac as well as the 
gall bladder S 3 Tnptoms. While under observation he must have experienced 
occlusion of a small branch of a coronar 3 '' arterj' producing a relativety 
small mjmcardial infarct. It is possible that the pain of effort was due 
entirety to narrouing of the coronarj’' branch wliich finallj’’ became occluded, 
so that after the occlusion the pain no longer occurred. 


Summary. It has been pointed out repeatedly that in coronary 
occlusion an erroneous diagnosis of upper abdominal disease may be 
made. But little attention has been given to the fact tliat in upper 
abdominal disease a mistaken diagnosis of coronary disease is some- 
times made. In view of the popularity now enjoyed by the diag- 
nosis of coronary occlusion, and the facility with which it is made, 
sometimes upon inadequate e\ddence, it seems desirable to empha- 
size the fact that upper abdominal disease may simulate coronary 
disease to a very striking degree. 

Four illustrative cases are presented. In the first two the symp- 
toms were caused by gall bladder disease, but erroneous diagnoses 
of coronary disease had been made. The third case was one in 
which perforation of a gastric ulcer was accompanied by many of 
the manifestations of acute coronary occlusion, and only rather 
complete studies revealed the true condition. In the fourth case 
both cholelithiasis and coronary disease w^ere present^ and the 
patient was entirely relieved of all symptoms following cholecystec- 
tomy, possibly because coronary occlusion occurred during or soon 
after the operation. Unless the sjmiptoms and signs are unequivocal, 
the diagnosis of angina pectoris or coronary occlusion should not be 
made until upper abdominal disease has been excluded. 
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THE INITIAL VENTRICULAR DEFLECTION OF THE ELECTRO- 
CARDIOGRAM IN CORONARY DISEASE. 

By T. M. Durant, M.D., 

IKSTRUCTOU IN INTERNAL MEDICINE, UNWERSITr OF MICHIGAN, 

ANN ARBOR, MICHIGAN 

(From the Department of Internal Medicine, University of Michigan Medical School.) 

Recent years have been productive of a large and varied litera- 
ture dealing with the electrocardiographic diagnosis of coronary 
disease and coronary occlusion. A large part of the work done has 
had as its main object the evaluation of changes in the form of the 
R-S-T segment and T wave. There is no doubt that characteristic 
changes in the shape of these ventricular deflections are of great 
value in the diagnosis of recent coronary occlusion, but it is well 
Icnown that they are more or less transitory. 

A possible relationship between abnormalities of the initial ven- 
tricular deflections and coronary disease was first suggested by 
Pardee' who pointed out that large Q waves in Lead III occur very 
frequently in association with the anginal syndrome. As a result 
of his studies he came to the conclusion that the presence of a 
Q wave in Lead III had diagnostic value when this deflection is 
followed by an upward excursion (R) but no S wave, and is at 
least ^ as large as the largest Q-R-S deflection in any lead. Pardee 
attached no significance to large Q waves in Lead III when definite 
right axis deviation was present or when the initial deflections in 
Lead III resembled the letter M or the letter W in shape. In a 
group of curves meeting these qualifications he found 63 per cent 
to be associated with the anginal syndrome. 

The diagnostic criteria established by Pardee have been subjected 
to considerable scrutiny by other investigators. The frequency of 
the anginal syndrome in different groups of cases satisfying the 
requirements stated has been reported by various observers as 
follows: Ziskin^ 14%, Strauss and Feldman® 16%, Edeiken and 
WolfertlP 16%, Willius® 38.3%, Ashman et al.<^ 42%, Pardee' 63%. 
An analysis of the data given by these workers indicates that tlie 
electrocardiographic signs enumerated are more frequently associ- 
ated with hypertension uncomplicated by angina pectoris or coronary 
occlusion, than with the anginal syndrome. Several investigators 
have pointed out that a transverse position of the heart may 
play an important part in the production of large Q deflections 
in Lead III. 

^ It is evident that if the changes in the initial ventricular deflec- 
tions produced by coronary disease are to become of any great diag- 
nostic value they must be defined in a more satisfactory manner. 
I he advantages that may be gained from the more certain difl'eren- 
tiation of these changes from similar changes due to other causes 
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will be appreciated when it is realized that, unlike the characteristic 
but more or less teinporar}^ changes in the final ventricular deflec- 
tions, they are permanent. 

Eecently, Wilson^ and his coworkers have emphasized the diag- 
nostic value of the Q~R~S changes and their lasting character. 
They showed that two distinct types of abnormal Q-R~S deflections 
are frequently encountered in cases of coronary occlusion. The 
first of these is illustrated by the curves shown in Fig. 1 (/I and B). 
Attention was drawn to the following distinctive features of this 
type of electrocardiogram: (1) the conspicuous and, in most in- 
stances, rather broad Q wave in Lead I; (2) the small amplitude of 
the R deflection in Lead I ; (3) the absence of a Q wave in Leads II 
and III; and (4) the frequent presence of a large S wave in Leads 
II and III. 

The second type of curve emphasized for its diagnostic value in 
coronary occlusion is illustrated by the tracings shown in Fig. 1 
(G and D). Here the important characteristics pointed out were; 
(1) a conspicuous Q wave in Leads II and III, (2) the absence of Q 
in Lead I, and (3) the relatively small amplitude of the initial 
deflections in Lead II (Fig, 1,2)). 

These two types of abnormal initial deflections were referred to as 
curves of the Ql and Q3 type, respectively; the former was found 
to be associated in most cases with infarcts involving the anterior, 
and the latter with infarcts involving the posterior wall of the heart. 

One of the main purposes of the present study was to ascertain 
how frequently curves of the Ql and Q3 types are encountered in 
cases in which there is no other reason for suspecting coronary dis- 
ease. The second purpose was to determine what criteria, if any, 
could be used to differentiate between the Q-R~S changes due to 
coronary disease and similar changes due to other causes. The 
material utilized was obtained from the electrocardiographic files 
df the Heart Station of the University Hospital . Over 19,000 curves 
have been taken in this Station since 1923. Approximately 7000 
are available for study in printed form; the remainder were not 
definitely abnormal and were not printed. All the printed curves 
were examined and those which showed abnormal Q-R-S deflec- 
tions of the kinds in question were carefully studied. The corre- 
sponding case records were then analyzed, and various criteria 
were tested as to their value in the electrocardiograpliic diagnosis 
of coronary disease. 

Electrocardiogram of the Q3 Type. The first studies dealt with 
curves of the Q3 type which conformed to the standards set up by 
Pardee, and, in addition, displayed in Lead II a § wave at least 
1 mm. in amplitude. It was soon found that it would be advisable 
to omit one of Pardee's requirements; namely, that Q3 be followed 
by a summit (R) but no S deflection. The basis for this omission 
was the discovery that a number of cases of definite coronary occlu- 
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slon "with large Q waves in Lead III failed to conform to this stand- 
ard. Fig. 1 , D, the electrocardiogram from a case of coronary 
occlusion proved by autopsy, illustrates this point. For similar 
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1 of the Ql type; c and D, cur\-es of the Q 3 type; E, an 

clectrocardiopam showing largo Q-waves in Lead I. This cur^-e is from a case of 
mitral stenosis. 


rc.nsons it was found unnecessary to eliminate curves with slight 
notching of tlie downstroke of Q.l (the W complex of Pardee). 
Curves showing right axis deviation were excluded. 
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The number of electrocardiograms which met these qualifications 
was 96. A study of the case records revealed 31 examples of coronary 
occlusion and 29 cases of angina pectoris (Table 1, A). The remain- 
ing patients gave no historj^ and showed no physical signs suggesting 
anginal pain or coronary occlusion. 


TahIiE 1. — Q3 Gnour. 
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It was felt that more satisfactory results might be obtained by 
further modifications of the criteria used. The requirements finally 
selected were as follows: (1) an initial downward deflection in Lead 
III having an amplitude at least | as great as the largest Q-R-S 
deflection in any lead, (2) an initial downward deflection in Lead II 
at least i as large as R2, and (3) left axis deviation or a normal 
electrical axis. Clear evidence of angina pectoris or coronary occlu- 
sion was obtained in 81.8% of the 44 cases which conformed to these 
standards (Table 1 , B). Of the S patients without evident coronary 
disease, 4 had generalized arteriosclerosis and 1 arteriosclerotic 
heart disease. It is possible that these patients had coronary dis- 
ease which was not recognized or could not be recognized clinically. 
The other 3 patients with no evident coronary disease included 2 
with adenomatous goiter, 1 of whom showed definite hyperthy- 
roidism. The 3d suffered from obesity and cholecystitis, but had 
no demonstrable cardiac disease. 

When T wave inversion in Leads II and III without inversion 
in Lead I was added to the requirements enumerated above, the 
number of cases was reduced to 22, all of which were clear examples 
of coronarv disease (Table 1, C). It is therefore felt that when both 
Q-R-S changes and T wa^■e changes of the type under considera- 
tion are found the presence of coronary disease is practicallj'' certain. 
In the absence of changes in the final deflections, howe%^er, a fairly 
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high degree of diagnostic accuracy is obtained from the Q-R-S 
variations alone. 

Electrocardiograms of the Ql Type. Curves of the Ql group 
were analyzed in a similar manner. The results are summarized 
in Table 2. The first step was to remove from the files all curves 


Table 2. — Q1 Group. 




Coronary disease. 

1 , 

No 1 

Percent- 

Criteria. 

Total 

cases. 

Coro- 

nary 

1 occlu- 
sion. 

t 

Angina 

pectoris. 

Total. 

evident 
Coro- 1 
nary ! 
disease. l 

( 

age 

coro- 

nary 

disease. 

Q1 at least 1 mm 

A Ii\ less than 5 mm. 

Q1 at least 20% of largest R 

32 


i 

1 4 

17 

! 

15 

53.1 

Same as under A, and in addition 
B curves eliminated in which no 
R\ is present 

23 


4 

17 

C 

73.9 

Same as under B and, in addition, 
C inversion of Tl, without inver- 
sion of T2 or rs 

14 

10 

3 ' 

13 

1 ; 

92. S 


which showed the following characteristics: a Q wave in Lead I 
measuring at least 1 mm. and at least | as large as the largest R in 
any lead, and an R\ not exceeding 5 mm. in height. The incidence 
of coronarj’^ disease in this group of cases (Table 2, A) was relatively 
low because of the inclusion of a number of cases of mitral stenosis. 
Most of these and a few others in which there was no evident coro- 
nary disease were eliminated when all curves that failed to show a 
summit (i?) following Ql were excluded. A curve from a case of 
mitral stenosis, thus eliminated, is shown in Fig. 1, E. The 6 cases 
without evident coronary disease that were not eliminated were 
classified as follows: mitral stenosis 2, congenital heart disease 1, 
arteriosclerotic heart disease with congestive failure 2, exophthalmic 
goiter 1. It was not found feasible in these studies to use in any way 
the size of the S wave in Leads II and III in developing diagnostic 
criteria, although it was found that a majority of the cases of coro- 
naty disease displayed large waves of this type. 

riie addition of changes in the final ventricular deflection of the 
o incidence of coronary disease to 92.8% (Table 

w- One case of congenital heart disease showed both Q-R-S 
and I wave changes and could not be excluded. 

t is evident that the diagnostic value of electrocardiographic, 
c langes of the type is considerably enhanced by the fact that 
those cases most often causing confusion (mitral stenosis and con- 
genital heart disease) are as a rule readily eliminated by the clinical 
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findings. If the 2 cases of mitral stenosis and 1 case of congenital 
heart disease are left out of consideration the incidence of coronary 
disease under 2 B becomes 85%, a figure comparable to that obtained 
for curves of the Q3 type. 

Incidence in Coronary Occlusion. It seemed advisable to deter- 
mine the frequency of curves fulfilling the requirements described in 
a group of cases in which there was a definite history of coronary 
occlusion. Seventy-four cases were collected in which a certain diag- 
nosis of coronary occlusion could be made from the history, from the 
precordial electrocardiogram, or from autopsy findings. Thirteen 
of these satisfied the criteria given in Table 2, B. Twenty-five 
curves were of the Q3 type and met the requirements given in 
Table 1, B. Thus 38 cases (51.3% of the total number) showed 
initial ventricular deflections of either the Q1 or the Q3 type, as 
defined in this article. 

Initial ventricular variations of the kinds described are, therefore, 
infrequent in conditions other than coronary disease, but occur in 
approximately f of the cases of coronary thrombosis. It is, of 
course, obvious that any modification of the diagnostic criteria 
which tends to eliminate non-coronary cases also excludes some 
cases of coronary disease. 

Summary. Two types of Q-U-S deflections are characteristic 
of coronary disease; the Q1 type and the Q3 type. Curves of the 
Q1 tjqie may be defined as those in which Ql measures at least 1 mm. 
and is at least -y as large as the largest R deflection in any lead, 
and in which there is a definite R wave in Lead I, measuring less 
than 5 mm. in amplitude. Curves of the Q3 type may be defined 
as those in which Q3 is at least J as large as the largest Q-R-S 
deflection in any lead, and in which Q2 is at least j as large as R2. 
Ctuves showing right axis deviation must be eliminated. 

The relatively permanent nature of these changes in the Q-R-S 
deflections in contrast to the more or less transitory changes in the 
R-S-T segment and in T greatly enhances their value in the recog- 
nition of coronary disease, and particularly in the diagnosis of old 
myocardial infarcts. 

Indebtedness is acknowledged to Dr. Frank N. Wilson for the suggestions and 
help rendered by him in the carrying out of this study. 
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ATYPICAL BUNDLE-BRANCH BLOCK WITH A FAVORABLE 

PROGNOSIS. 

By Henry T. von Deesten, M.D., F.A.C.P., 

AOTENDING physician to the MEDICAI, center, consulting physician to CHRIST 
hospital, JEUSEY city, N. J.; BAYONNE HOSPITAL, BAYONNE, N. J.J HUDSON COUNTY 
HOSPITAL, BECAUCUS, N. J., 

AND 

Moses Dolganos, M.D., 

PHYSICIAN TO CHRIST HOSPITAL, JERSEY CITY, N. J.; HUDSON COUNTY HOSPITAL, 

SECAUCUB, N. J. 

The following cases illustrating a type of atypical bundle-branch 
block are reported because of the longevity of 2 patients and the 
mildness of the cardiac symptoms in all of them. 



April, 1023. September, 1930. 

Fig. 1. Case 1. Other electrocardiograms taken in the interval botivoen the 
above dates show the same configuration. 

Bundle-branch block generally indicates serious myocardial 
damage. The literature and textbooks have called attention to the 
poor cardiac reserve and early mortality of patients having bundle- 
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branch block. Graybiel and Sprague ha-\'e analj’^zed 395 cases of 
bundle-branch block. Their follow-up of 308 cases showed an 
average duration of life of 1 year and 2 months in 223 fatal cases. 
The chief cause of death was cardiac failure. Eighty-five patients 
who are living for an average of 2 years and 11 months have a 
limited cardiac reserve. 

The electrocardiographic records in all of the cases here reported 
of atj'pical bundle-branch block, except for minor variations, are 


1925. 1932. 

2, Case 2. Other clectrocardiograais taken in the inten'al between the 

above dates show the same configuration. 


similar. A brief description of the curt^es is as follows; 1, Q-R-S 
complex has a prolonged duration; 2, Lead 1, an E wave of moderate 
amplitude and short duration is followed by a prolonged notched 
S wave. The latter has a smaller amplitude tlian the R wave. 3, 
the T wave is upright in Leads 1 and 2; 4, the initial phase of the 
Q-R-S complex in Lead 3 is dovmward, returning quickly to above 
the isoelectric line where the curt^e is notched and prolonged. The 
Twave in Lead 3 is directed downward; 5, except for the lower 
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amplitude the Q-R~S complex in Lead 2 is similar in most curves to 
Lead 1. The character of the curves is confusing in regard to the 
localization of the lesion in the conducting system and is referred 
to as atypical bundle-branch block. 

All of our cases of atypical bundle-branch block have occurred 
in males. One patient is living llj years after the diagnosis was 
made; 1, 8 years after; 1 seen 2J years ago with this type of block 
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May, 19.31. 

I'lG. .1.— Case 3. Other electrocardiograms taken since this date show the same 

typo of cun-e. 


IS doing hard work; 1 recently observed in a hospital, a man aged 70, 
exhibiting this type ofblock left the institution and has not been 
subsequently heard from; 1 first examined years ago has contin- 
ued Ins occupation. 


Synopsis of Case Histories. Case 1 (Fig. 1).— H. S., aged 72 Hi 

US on account of the sjTnptoms of acute 
occupation necessitated much stair 
tins occupation and is in fairly good health at 

chml n ^ ^ biumerous electrocardiograms, taken during this period, 
snow the saino type of curve?. 

iir>^ P-> phj'sician, aged 54, actively engaged in the prac- 

IinmeLnl hypertensive individual. Eight years ago, on account of 
numerous exf rasj-stoles, decided to have an electrocardiogram taken. Until 
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the present time frequent, electrocardiograms show the same curves. He 
has not curtailed his actmties. 

Case 3 (Fig. 3).— A. B., male, aged 51, was first seen in hla}', 1931, com- 
plaining of moderate psiin in the left precordial region. He does hard 
physical work and has not changed his occupation since his first %asit, and 
the electrocardiogram remains the same. 

Case 4 (Fig. 4).— B. C., aged 78, was admitted to the hospital on account 
of vertigo. A routine electrocardiogram showed the same type of atj^pical 
bundle-branch block cur\'e. He had no cardiac sjnnptoms. 



January, 1929. 


Fig. 4.— Case 4. No other electrocardiogram taken on this case. 

Case 5 (Fig. 5).— M. S., aged 49, insurance collector, was referred to 
one of us on account of vertigo and vague epigastric distress with the 
rGQuest that an electrocardiogram be taken. It showed the same 
atypical bundle-branch block curv'e. He was very much distressed on 
account of the prognosis given him, based on an elretrocardmgram taken 
previously and interpreted as one of hopeless invahdism. He continued 
his occupation after reassurance. A recent electrocardiogram shows the 
same t3q)e of atypical bundle-branch block. 

Comment Since the more frequent use of the electrocardiograph 
and the tendency to base prognosis on instrumental rather than on 
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clinical findings, misinterpretation of the graphic records of this 
type of atypical bundle-branch block may cause great apprehension, 
clironie invalidism and impairment of earning power. 




t , 
7 . 



Fig. 5. — Case 5. Other electrocardiograms taken since this date show the same 

type of curve. 

Summary. 1. Five cases of atypical bundle-branch block showing 
similar curves are presented. 

2. One of these patients is alive at the end of 11-| years, at the age 
of 72. Another is alive at the end of 8| years, at the age of 54. 

3. Four have no cardiac symptoms at the present time; one we 
have not been able to follow. 

4. Numerous electrocardiograms in 4 of these patients have 
remained the same through many years. 

5. Hypertension is present in only 1 of these patients. 

Note; The Editor would like to mention in this connection another example 
of a healthy man (T. C. H.) aged 47 who repeatedly for the last 1C years has shown a 
so-called bundle-branch block ivithout any c^'idonce of cardiac disease or diminution 
of cardiac reserve. The iiossibility of an anomalous course of the distribution of the 
healthy branches and terminals of His’ bundle should be considered in such cases. 

REFERENCE. 

1 . Graybiol, A., and Sprague, H. B.: Am. J. Med. Sci., 185, 395, 19.3.3. 
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THE FEEQTJENCY AND SIGNIFICANCE OF EIGHT BUNDLE- 

BRANCH BLOCK,* 

By R. H. BayT/Ey, M.D.^ 

liS'STHtrCTOK, DEPAnTMENT OF MEDICINE, 

ANN AEBOR, MICHIGAN, 

(From the Department of Internal Medicine. University of Michigan Medical School.) 

_ For many years it has been the universal opinion that myocardial 
disease interrupts one branch of the His bundle ver^' much more 
often than the other. This opinion is based upon the relative 
frequency of the 2 types of electrocardiograms currently attributed 
to bundle-branch block. According to different observers, the 
common type right branch block of the older terminology is seen 
5 to 10 times as often as the less common. It is exddent that 
our ideas respecting the incidence of bundle-branch lesions of 
both kinds depend upon the criteria generally accepted for the 
classification of electrocardiograms vath broad Q-JR-S deflections. 
Observations made in tliis laboratory suggest that both varieties 
of branch block are considerably more common than is at present 
supposed. 

It has been shown^ that precordial leads taken by pairing an 
exploring electrode placed over the precordium with an indifferent 
electrode placed on the left leg, or with a central terminal con- 
nected through equal and sufficiently large resistances to the 3 
extremity electrodes, are of great value in locating the conduction 
defect in intraventricular and particularly in bundle-branch block. 
These precordial leads are so taken that relative negativity of the 
exploring electrode produces an upward deflection. The majority 
of precordial electrocardiograms show a sudden and pronounced 
upward excursion at some time during the Q-R-S interval. This 
chief upstroke represents a sudden large negative variation in the 
potential of the exploring electrode, and signals the arrival of the 
excitation process at the epieardial surface of the subjacent portions 
of the ventricuiar n^all. In bundle-branch block the upstroke is 
early when the exploring electrode is placed over the contralateral 
and late when it is placed over the liomolateral ventricle. The time 
of the chief upstroke is measured with reference to the first ven- 
tricular deflection in Lead I, w'hich is taken simultaneously with 
eadi precordial lead. 

In cases in which the standard electrocardiograms exliibit all 
the features regarded as characteristic of bundle-branch block of 
the less common variety, the chief upstroke is early in leads from 
the left side and late in leads from the right side of the precordium. 
Precordial curves with similar time characteristics have, however, 

* Published Tivith the recoinniendution of Drs. C. C. Sturgis and F* N. iison. 
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l)een obtained in all patients tested who had standard electrocardio- 
grams in which the ventricular complex showed a Q-RS interval 
of 0.12 sec. or more and a broad S deflection in Lead I. It has, 
therefore, been suggested that all such electrocardiograms represent 
complete right bundle-branch block.* 

It is the purpose of this article to present the results of an analysis 
of all the electrocardiograms of the land mentioned that could be 
found in the files of this laboratory,* and of the case histories of the 
patients from whom these curves were obtained. The chief object 
of the study was to determine the relative frequency of right and 
left branch block and nith what lands of heart disease they are 
most often associated. It was thought that such a study might 
indicate the nature of the factors that determine wliich of the several 
forms, presently to be described, the ventricular complex will take 
when right bundle-branch block develops. 

As a first step, all the electrocardiograms which show^ed a Q-R-S 
interval of 0.12 sec, or more were critically examined; 70 cm’ves 
were found wliich were regarded as representing complete right 
bundle-branch block. In addition to a lengthened Q-R~S interval, 
all these curves showed a broad S deflection in Lead 1. None were 
included in which the value of the chief’ initial deflection failed to 
exceed 5 mm. in at least 1 lead. 

The curves selected fell naturally into 4 more or less distinct 
groups: 

Group 1.— The 14 curves in this group showed all the features 
generally accepted as necessary for the interpretation of bundle- 
branch block of the less, common type (Fig. 1, A, JB, C). In 
Lead I the chief initial deflection of these curves is a broad down- 
ward excursion, >S, which is preceded by a smaller upward movement, 
R. is upright. In Lead III, the chief initial deflection is a 
broad, notched, upward excursion, R, which is preceded by smaller 
dip, Q. 2's is inverted. 

Group 2.~Twenty-tlu’ee curves were similar to those of the 
preceding group in all respects except that in Lead I the amplitude 
of the R spike was greater than that of the 5 deflection. (Fig, 1, D.) 

Group 3.^In this group, 28 curves were placed because of the 
character of the initial deflection in Lead III. In these curves the 
inost conspicuous Q-R-S deflection in this lead is a slender, deep, 
inverted spike, usually preceded by a small and invariably followed 
by a broad summit (Fig. 2, A, B). The amplitude of this last 
deflection is less than that of the inverted spike. In Lead I the 
ventricular complexes are similar in all respects to those of the curves 
placed in Group 2. 

Group 4.— Only 5 curves were placed in this group. They were 
separated from those of the preceding groups chiefly because they 
lacked a broad upward movement in Lead III. In this lead the 

* Heart Station, University Hospital. Ann Arbor, MieliiKan. 
voi.. ISS, NO. 2. — AoaesT, 1931 9 
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initial deflection is a «mall summit, whicli is followed as in Group 3 
by a deep inverted spike (Fig. 2, C, D). At its apex the inverted 
spike is narrow, but the ascending limb, after rising sharply, usually 
shows a pronounced notch, bejmnd which its ascent is gradual 
(Fig. 2, D). The base of the inverted spike is, therefore, greatly 
broadened. In some instances this broad upward movement in 
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Fig. l.—A, B, and C, electrocardiograms of the type placed in Grou]) 1. D, an 
electrocardiogram of the typo placed in Group 2. 


Lead III is absent, and the ascending limb returns quickly to the 
baseline and does not leave it during the remainder of the Q-R-S 
interval (Fig. 2, CT). The distinguishing feature of these curves 
is the absence of a broad upstroke at the end of the Q-R-S interval 
in Lead III. In Lead I the Q-RrS deflections are similar to those 
which characterize Groups 2 and 3, e.\-cept that R is usually taller 
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and broader and S less conspicuous. Ts is usually upright. Some 
of the curves of the last 2 groups (3 and 4) might easily be confused 
with those that represent left bundle-branch block, from which they 
may be differentiated by the presence of a conspicuous and broad S 
in Lead I. 

An analysis of the case records of the patients from whom these 
70 curves were obtained, showed that no single etiologic factor or 






Fui. 2.— A nnd B. electrocardiograms of the typo placed in Group 3. C and D, 
electrocardiograms of the tjT>e placed in Group 4. 


kind of heart disease was responsible for the whole of any one of the 
4 groups. It was anticipated that patients \vith rheumatic heart 
disease and mitral stenosis uncomplicated by aortic insufficiency, 
and, therefore, with right or at least with no left ventricular pre- 
ponderance, would, on developing right bundle-branch block, dis- 
p aj cur\ cs of the land placed in Group 1 or 2'. In 5 of these cases 
with these specifications, the curves were of the anticipated varie- 
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ties. In 1 case of congenital lieart disease the electrocardiogram 
was of the type placed in Group 2. 

It was also thought that patients with right branch block and 
vascular hypertension of sufficient duration to have produced left 
ventricular preponderance would be more likely to display curves 
of the varieties placed in Groups 3 and 4. Oniy 3 of the 11 cases 
of this kind showed curves of the type anticipated; in the remaining 
S, the curves belonged to Group 1 or 2. 

The majority of 46 patients with arteriosclerotic heart disease 
displaj^ed curves belonging to Group 1 or 2. Curves of this kind 
were also recorded in 1 case of primary neplrritis and secondary 
hypertension, in 2 cases of syphilitic heart disease with aortic 
insufficiency and in 2 cases of thjToid heart disease. 

These observations do not suggest that the left axis deviation 
displayed by the curves placed in Groups 3 and 4 is due to pre- 
ponderant hypertrophy of the left ventricle. Preponderant hyper- 
trophy of the right ventricle would not be expected to influence 
the initial portion of the Q~R-S complex in complete right bundle- 
branch block since the excitation of the right ventricle in this 
condition is a relatively late event, and the first part of the curve is, 
therefore, written by the left ventricle. It is believed that the 
position of the heart, infarction of the septum or free wall of the 
left ventricle, and preponderance of the left ventricle are the chief 
factors whose absence or presence, singly or in combination, accounts 
for the variations of the form of the initial deflections of the Q-RS 
complex observed in right branch block. 

The third purpose of this study was to gain some conception of 
the relative incidence of right and left bundle-branch block and 
find out in what kinds of heart disease these conditions most often 
•occurred. 

There were 103 curves which showed the characteristic changes 
of complete left bundle-branch block. All had the Q~R-S interval 
increased to 0.12 sec. or more,* and the amplitude of the chief initial 
deflection exceeded 5 mm. in at least 1 of the 3 standard leads. 
Since the examination of the same material disclosed only 70 cases 
of complete right bundle-branch block, complete left bundle-branch 
block appears to be the more common in the ratio of 103 to 70. 

Of the 103 patients with left branch block, 86 had records that 
were available for the more detailed analysis that follows. Refer- 
ence to Table 1 will show that 70% of all patients with branch 
block of either type had arteriosclerotic heart disease. Tlie average 
age of these 110 patients with arteriosclerotic heart disease at the 
time the conduction defect was discovered was 64 years. The vast 
majority were men. The heart was of normal size in at least of 
the cases, and on the routine physical examinations there were no 
objective signs of congestive heart failure in at least _ Many of 
the patients presented little or no clinical evidence of cardiovascular 
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disease on routine physical examination. Further reference to the 
table will show that lesions of the left bundle branch are more com- 
mon than lesions of the right, both in arteriosclerotic and in hj per- 
tensivc heart disease. The patients wnth hypertensive heart disease, 
however, almost all showed cAndence of cardiovascular disease on 
routine physical examination and almost ^ of them were women. 
The average age in the hypertensive group was 54 years. The 
single patient with rheumatic heart disease and left bundle-branch 
block had mitral stenosis vith aortic insufficiency, while the 7 
patients with the same kind of heart disease and right bundle-branch 
block had only mitral stenosis. These findings would suggest that 
the conduction defect is more likely to occur in the ventricle which 
is subjected to the greater strain. 

TabIiT; 1.— The Relative Ebeqhekcy of Right akd Left Bundle-branch Block 
IN Various Types of Heart Disease. 


Etiology. 

Left 

branch 

block. 

Right 

branch 

block. 

Per cent. 

Arteriosclerotic heart disease . 

. . 64 

46 

70.0 

HsTicrtensivo heart disease 

. . 15 

11 

17.8 

Rheumatic heart disease .... 

. . 1 

7 

4.9 

Syphilitic heart disease .... 

. . 4 

2 

3.6 

Thyroid 

. . 2 

2 

2.5 

Chronic nephritis tvith hypertension 

. . • . 

1 

0.6 

Congenital heart disease .... 

.... 

1 

0.6 

Total 

. . 86 

70 

100.0 


The incidence of physical signs usually described as suggestive 
of a complete bundle-branch lesion was also noted in the 156 case 
records examined; the presence of a visible or palpable double 
apical systolic thrust was recorded only once; reduplication of the 
1st or of the 2d heart sound was recorded S times; gallop rhjdhm,. 
13 times; there was no instance in which asynchronous systolic 
murmurs were detected. The presence of a bundle-branch lesion 
was suspected in only 1 instance before the electrocardiogram had 
been taken. Of the patients, 24% gave no sjnnptoms and presented 
no signs of heart failure; 21% had no cardiac enlargement; and 60% 
had no physical signs of congestive heart failure. On the other 
hand, only 9% had marked cardiac enlargement. These findings 
indicate that the average patient with bundle-branch block shows 
little evidence of cardiovascular disease on routine physical examina- 
tion, and one is frequently surprised when the electrocardiogram 
discloses a serious conduction defect. Unless an electrocardio- 
graphic examination is made more or less routinely in patients 
aiiove the age of 40 years, many bundle-branch lesions may escape 
detection. 

Conclusion. In the files of this laboratory curves of the variety 
a.scribcd to complete interruption of the left branch of the His 
bundle are somewhat more common than those interpreted as evi- 
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dence of interruption of tlie right brandi (newer terminology). 
The proportion is 103 to 70. Right bundle-branch block is^far 
more common than hitherto supposed. Seventy curves of the right 
bundle-branch tj^pe fell naturally into 4 more or less distinct groups, 
differentiated one from another by the character of the Q-R-S 
deflections. Only a small percentage of the patients vdth complete 
right bundle-branch block displayed diphasic ventricular complexes 
of the less common variety. The position of the heart, infarction 
of the interventricular septum or free wall of the left ventricle and 
preponderance of the left ventricle are probably the chief factors, 
whose absence or presence, singly or in combination, accounts for 
the variation in the form of the initial deflections encountered in 
curves from patients with complete right bundle-branch block. 
Both right and left branch block are considerably more common in 
arteriosclerotic heart disease than in the other etiologic tj^ies. 
Tliere is often little or no e\ddence of cardiovascular disease on 
routine physical examination. ^Tien patients witli rheumatic heart 
disease and mitral stenosis develop bundle-branch block, the con- 
duction defect is almost invariably on the right side. In the case 
records e.xamined, only 1 instance was encountered in which the 
routine physical examination suggested bundle-branch block. 

Thanks are given to Dr. Frank N. Wilson for his constant guidance and suggestions 
during the course of this study. 

references. 

1. Wilson, F. N., Macleod, A. G., and Barker, P. S.: Am. Heart J., 3, 303, 1032. 

2. Wilson, F. N., Johnston, F. D., Hill, I. G, W., Macleod, A. G., and Barker, P. S.: 
Ibid. (In press.) 


PERSISTENT FUNCTIONAL ALBUMINURIA. 

Analysis of 58 Cases With Results of Thyroid and 
Calcium Medication. 

By Nelson J. Burden, M.D., 

PHTSICIAN, STUDENT HEAUTH SERVICE, UNIVERSITY OF PENNSYLVANIA, 
PHILADELPHIA. 

There is at present no satisfactory explanation for so-called 
functional albuminuria. Physicians engaged in the medical _ care 
of adolescents are frequently confronted with this form of urinary 
disturbance and are often at a loss to know the proper disposition 
of the patient. I^fliile the abnormality does not appear to be harm- 
ful, the question of treatment, especially restriction of activities, 
frequently arises. Aside from this we are, of course, interested 
in the etiology of functional albuminuria and, if possible, removal 
of the cause. * The patient is not so easily disposed of as Fishberg* 
would have us believe, by simply establishing a diagnosis and then 
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dismissing him by saying no treatment is indicated. To many 
physicians, especially those engaged in general practice, the finding 
of albumin in the urine means Iddney disease, calling for removal 
of foci of infection, restriction of physical activities, lessened ej^o- 
sure, dieting in the form of protein restriction and iron medication. 
Every year we receive several letters from family physicians request- 
ing that boys be excused from all forms of exercise because of the 
finding of albumin in their urine. In some instances even a fall in 
the scholastic standing of the student has been attributed to albu- 
minuria, which supposedly affected his health. 

Functional- albuminuria was described as early as 1886 by Payjq" 
who suggested poor posture as the cause of this abnormality. Since 
that time many other theories have been advanced to explain 
functional albuminuria and various names have been applied to 
the abnormality, the most recent being "benign albuminuria” 
(Fishberg).* Until we have definite proof of the cause and sig- 
nificance of these unexplained albuminurias, it would be better to 
call them idiopathic or essential albuminurias. It is probably true 
that albuminuria detectable by ordinary clinical tests is never 
functional. While the ultimate prognosis® in these cases appears to 
be almost invariably good, and about | of the cases clear up after 
the age of 30, nevertheless, there may have been some temporary 
or underlying Iddney damage. After a discussion of the extrarenal 
factors in albuminuria, Volhard^ concluded that every albuminuria 
must be attributed to damage of the kidney epithelium. AVlien we 
recall that chronic nephritis is the result of repeated injuries to the 
kidneys, and that the urine between acute exacerbations may be 
normal, we get a glimpse of possible harm in this apparently innocent 
disturbance. 

An analysis® of the records of 3642 male students at this university 
showed that 26% had occasional and 6.4% persistent albuminuria, 
with no other evidence of Iddney disease. Even if we concede 
those with only an occasional albuminuria to the class of indi- 
^^duals who during a physical examination show a slight elevation 
of Idood pressure, an increased pulse rate, and perhaps a slight 
glycosuria without hyperglycemia, Ave still have the cases of per- 
sistent albuminuria to account for. The first group may be excused 
on the basis of vasomotor instability, but we cannot help wondering 
whether these repeated " functional ” disturbances may not in time 
lead to organic changes in the kidneys, heart and bloodvessels. 

Analysis of Cases. The present report is based on further analysis 
of 58 cases of persistent albuminuria and the application of 2 theories 
on the eti(dogy of the abnormality. The ages of the students Amried 
betAAcen 17 and 28. The heat and acetic acid test for albuminuria 
AA’as used and the amount recorded ranged from a faint trace (1-f ) 
to a heaA 7 ’ cloud (4-4-). Occasional hyalin and granular casts Avere 
found in 20.3% of the cases. As to body weight, 17% of the 
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students were more than 10% overweight, while 21.2% were more 
than 10% underweight. The tonsils had been removed in 7S.7% 
of the patients, while in 20.8% the tonsils were present and pro- 
nounced infected by the otolarjmgologist. Only 1 student had a 
non-^^tal tooth, negative for abscess by Roentgen ray report. The 
blood pressure, taken in all of the cases, was never over 150 sj'stolic. 
Only 5.1% had systolic pressures between 140 and 150. The 
average pulse pressure for the entire group ivas 50; 2% had a pulse 
rate over 90 and in 20% the rate was less than 70. Only 1 student 
had a moderate lordosis of the lumbar spine. Complete blood 
counts were done on all, vith a normal result in every case. There 
were no hemoglobin estimations below 80%. All of the students 
were Mantoux-tested, and those Avith a positive reaction had chest 
roentgenograms, but no case of active tuberculosis was found. The 
past medical histories of the students were apparently irrelevant, 
as no disease or other abnormality occurred vdth unusual frequency. 
Scarlet fever had occurred in 20.7% and 13.3% of the students 
admitted “frequent” head colds, with about the same figures for a 
control® group. The family histories of the students shoived cardio- 
renal disease in 1 of the parents in 12% of the cases, more than 
double that found in a control® group. 

An orthostatic response to the albuminuria was present in 58.6% 
of the functional albuminuria patients. This ivas determined by 
having the patient completely empty his bladder immediately 
before retiring and then as soon as he awoke the next morning 
voiding a specimen while still in the recumbent position. In the 
cases with orthostatic albuminuria this early morning specimen Avas 
free of albumin. 

The phenolsulphonephthalein test intravenously was done in 
25 of the subjects, and the average total output of dye in 2 hr. Avas 
70%. In 24% of the cases the total output for 2 hr. AA-as between 
80 and 88%. In 56% it AA^as oA^er 70% and in no instance AA'as the 
total output less than 50%. The hlosenthal test on this same 
group showed that the night urine exceeded the day urine in 12.1 % 
of the cases. In 30.3% the specific gravities of the day specimens 
A^aried more than 10 points, and in 50% it varied more than 7. In 
no instance was the variation in specific graAnty less than 5 points. 

Functional Albuminuria and Nephrosis. Since all attempts to 
prove these unexplained albuminurias as due to renal damage haA-^c 
thus far failed, it Avas thought that perhaps aa'C were dealing with a 
temporary derangement of metabolism similar to Epstein’s nephrosis 
(diabetes albuminuricus). It is noAV fairly Aveli agreed that there 
exists a “neplirotic syndrome” characterized by general edema, 
marked albuminuria and lowered basal metabolism. This may be 
present in the absence of other cA'idence of kidney diseases (hyper- 
tension, arterial changes and impaired renal function), as shoAvn by 
normal kidney excretion tests and blood values. The edema occur- 
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ring in nephrosis is believed due to the condition of hypoproteinemia 
resulting from loss of large amounts of protein as albumin in the 
urine.® The albumin excreted in functional albuminuria is usually 
small and probably rarely approaches the minimal amount of 
1 gra. of protein per liter a day, which appears necessary to cause 
hypoproteinemia.'^ 

A basal metabolism was done on all of our cases, and it was 
found that 80.9% had a minus rate (average, —7). A basal_ met- 
abolic rate below —15 was present in 21.4% of the albuminurics as 
compared with 14% in 100 control basal metabolism determina- 
tions in male students of the same age group without albuminuria. 
Ten of the functional albuminuria patients with lowered basal 
metabolisms were given thyroid extract in doses of gr. ss, gradually 
increased to gr. i, 3 times a day for 2 weeks. In none of the cases 
was there any apparent change in the occurrence or in the amount 
of albumin. 

Calcium in Functional Albuminuria. If we dismiss abnormal 
protein metabolisnv as the cause of functional albuminuria, and 
admit that albuminuria is not ordinarily due to foreign toxic pro- 
teins in the blood stream,® and that the plasma proteins of patients 
with albuminuria show no increased diffusibility,® one maj’^ attribute 
functional albuminuria to some form of renal injury, however 
mild and transient. Cushny'® attributes albuminuria to alterations 
in the glomerular capsule which allows the passage of plasma 
proteins. It is well known that albuminuria can readily be pro- 
duced by interrupting the blood supply of the kidney by compres- 
sion of the artery or vein, or of the ureter which leads to pressure 
on the vein. The albuminuria in these experiments is due to 
aspliyxia, which produces temporary damage resulting in increased 
permeability of the glomerular capsule'® or of the glomerular 
capillaries." It has also been demonstrated that vasoconstriction 
produced experimentally by adrenalin injections or increased 
adrenalin secretion causes albuminuria.'® According to these views, 
functional albuminuria is probably the result of some form of path- 
ologic physiology of the kidney, most likely an increased permea- 
bility of the glomerular tuft. It is well known that calcium dim- 
inishes the permeability of cell membranes and that this effect is 
not dependent upon the entrance of the salt into the interior of the 
cell.'® Patients with nephritis, as well as patients with nephrosis, 
often show a hypocalcemia. 

Normal blood values for urea, uric acid, creatinin, sugar and 
alkali reserve have been reported'^ in cases of functional albumin- 
uria, but no reference is made to the serum calcium. The normal 
scrum calcium values for adults is generally set between 9 and 
11 .5 ing. and for infants 10 to 11.5 mg.'® Serum calcium determina- 
tions in normal boys,*® between the ages of 8 and 20 years, were 
found to range from 7.G to 12.5 mg. 
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The blood serum calcium was determined on 10 of the students 
with persistent functional albuminuria. The blood was obtained 
by venoclysis before breakfast and the amount of serum calcium 
present was determined according to the method of Clark and Collip. 
In the 10 cases examined, the serum calcium ranged between 10.5 
and 12.2 mg. In 5 of the determinations the values were over 
11.5 mg., i. e., on the high side of normal. 

The fact that the total blood calcium is normal or even high in 
cases of persistent albuminm-ia does not necessarily mean that the 
albuminuria may not be due to a deficiency of one of the calcium 
fractions. It has been shown^^ that calcium is present in the serum 
in at least 4 forms, 2 of which are diffusible and 2 non-diffusible. 
Of the diffusible calcium, about | is in the form of an “ adsorbable 
calcium-phosphorus complex” and the remainder contains the 
calcium. The “protein-bound” fraction of the blood calcium is 
of the non-diffusible form and the amount varies roughly vith the 
total protein concentration, and so it is this form of calcium which 
is reduced in cases of nephritis and of nephrosis, and accounts 
for low values for total serum calcium in these conditions. On the 
other hand, certain diseases as adult human rickets, which show a 
normal or even high serum calcium, may have low values for the 
dift'usible fraction, especially in the “adsorbable calcium-phosphorus 
complex.”^^ Despite the finding of normal total serum calcium in 
cases of persistent functional albuminuria, it was thought advisable 
to try the effects of calcium ingestion. Calcium gluconate, in dram 
doses 4 times a day for 2 weeks, was given to 16 of the students with 
persistent functional albuminuria. The result was that in 5 (31.2%) 
of the cases there was no change in the condition, while 6 (37.5%) 
showed a definite decrease in the amount of albumin excreted, and 
in the remaining 5 (31.2%) there w^as a total disappearance of the 
albuminuria. In other words, 68.7 % of the cases showed improve- 
ment or total disappearance of the albuminuria. 

Further examination of the 5 “recovered” cases 1 year after their 
last dose of calcium showed that 4 of them still remained free of 
albuminuria. 

Conclusions. 1. Nothing was found in the past medical histories 
or in the physical examinations of 56 otherwise healthy male students 
with persistent functional albuminuria to account for the urinary 
abnormality. The kidne 3 ' function as determined by the phenol- 
sulphonephthalein and Mosenthal tests was normal. 

2. Cardiorenal disease in the parents of students with functional 
albuminuria was more than twice as frequent as in the parents of 
students showing no such abnormality. 

3. A tendency to low basal metabolism readings was found in 
80.9%, but in the 10 cases tested with moderate doses of thjToid 
extract there was no improvement in the albuminuria. 
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4. The blood serum calciums were normal in 10 students with 
persistent functional albuminuria, although calcium medication had 
a favorable influence on the albuminuria in 11 of 16 cases tried. 
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THE RELATION OF NEGATIVE PRESSURE IN THE EPIDURAL 
SPACE TO POSTPUNCTURE HEADACHE. 

By William M. Sheppe, M.D., 

WHEEMKO, W. VA. 

(From the Medical Division of the Wheeling Clinic.) 


The examination of the spinal fluid lias come to be recognized as 
an essential part of many general medical examinations. Its value 
is even more important when dealing with individuals knovni to have 
sj’philis. It is well established that invasion of the central nervous 
system may begin soon after the appearance of the primary lesion 
and that physical examination and blood Wassermann tests are 
often insufficient to detect the presence of neurosyphilis. Many 
cases of syphilis (I refer particularly to the cutaneous manifestations 
of the disease) are discharged from treatment without knowledge 
of the spinal-fluid findings. I feel that many physicians are deterred 
from the use of this valuable diagnostic procedure for fear of the 
prolonged and tiisagreeable symptoms which may and often do 
follow lumbar puncture. Nelson-* states that about 20% of the 
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lumbar pmictures at tbe ISIayo Clinic produce definite postpuncture 
reactions. ^ Stokes^ reports an incidence of 15 to 25% of headache 
produced in hospital patients. These figures seem very high when 
the test is conducted on patients who are hospitalized and at rest 
for 24 hours or more following puncture. It is ob^^ous that such a 
high percentage of disagreeable reactions deters the physician’s hand 
and tends to place the procedure in disrepute among his clientele. 
If the above figures may be accepted as tj-pical of the incidence of 
postpmicture headaches in hospital patients, one wonders what the 
incidence is in ambulant patients. 

The question of the substitution of cisternal puncture for lumbar 
puncture is as yet unsettled. It is my opinion that it cannot be 
recommended as a routine procedure and that patients have an 
innate fear of being “stuck in the head.” I am sure that in the hands 
of a competent neurologist cisternal' pm^cture is relatively safe; 
I am equally sure that it is imsafe in the hands of many men who 
must of necessity carry out examinations of the spinal fluid. 

It is highly desirable and important that the technique of lumbar 
puncture should be brought to a point whereby it may be performed 
on ambulant patients with very little pain to the patient or the 
development of distressing or deleterious sequelte. This paper 
outlines certain factors which tend to produce postpmicture Iiead- 
aches and describes a technique which has rendered feasible the 
performance of lumbar pmicture on ambulant patients. 

Causes of Postpuncture Headaches. It has been well established 
that the removal of spinal fluid in ordinary amounts and at ordinary 
speed does not result in postpuncture headache. The amount of 
fluid removed has very little to do with the degree of the reaction. 
Headache, vertigo and nausea are apparently due to persistent post- 
puncture leakage of spinal fluid through the needle hole in the dura. 
That such leakage does take place has been demonstrated by Ayer, ’’ 
who injected lampblack into the cistern of cats. The lampblack 
was foimd at necropsj'^ to be lying beneath the cer^dcal muscles. 
Further proof for this view is adduced by Nelson, who performed 
repeated lumbar pimctures during and after postpuncture liead- 
aches. Careful estimations of pressure were made at the beginning 
and at the completion of the withdrawal of fluid. If headache 
developed, a third pressure measurement was taken during the 
course of the headache. The spinal-fluid pressvues during tlie head- 
ache were found to be consistentlj'' lower than the pressure following 
completion of the original puncture. This may be taken as e^^dence 
of a further fall of pressure following withdrawal of the needle. It 
is obAHOus therefore tliat headache probably is to be avoided by 
preventing postpuncture leakage of spinal fluid from tlie dura, 
^^fiiile such leakage is minimized by the supine position, it is evident 
that it is not eliminated. Let us examine a few of the factors which 
determine postpuncture leakage: 
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1. The Size of the Needle. Greene’s^-^ studies (1923) conclusively 
demonstrated that persistent leakage from the dura is due directly 
to the amount of trauma to the spinal dura sac. He further demon- 
strated that the rate of flow from the dural sac was directly propor- 
tional to the size of the hole made by the needle. 

2. Shape of Point. Greene was able to demonstrate by micro- 
scopic examination of the dura that much greater trauma was pro- 
duced in the membrane by the use of a needle with a blunt cutting 
point than by a needle of the same caliber with a sharp tapering 
point. The elastic and fibrous lamellm of the dura run longitudinally 
and almost parallel. The pointed needle simply separates these fibers 
instead of cutting them and there is much earlier closure of such a 
wound. The above observations therefore suggest the use of a 
needle which should not be larger than 22- to 25-gauge. 

The needle which I employ at present is a 22-gauge, 3| inches in 
length, with a sharp, tapering point. The point resembles that of a 
cambric needle, and the opening is below the apex.* 

The objection may be raised that a small needle is more liable 
to break. Exactly the contrary is true. A needle of this size may 
be bent at right angles, straightened and still be serviceable. Dr. 
Greene has very kindly presented me with a needle which he fre- 
quently tied in a Imot and rmtied prior to performing a puncture. 
This needle has been used for the performance of about 500 lumbar 
punctures and was still entirely usable. Further objection may be 
raised that the flow from such a needle is too slow. This is easily 
obviated by attaching a 10-cc. syringe to the needle and aspirating 
the required amount of fluid. Many textbooks contain grave 
warnings against the aspiration of spinal fluid. Those of have 
had experience with the making of encephalograms know that 
this anxiety is ill founded. It is also true that in case of the develop- 
ment of symptoms suggestive of medullary pressure, the most satis- 
factory treatment would be replacement of the spinal fluid which 
had been withdrawn. If this is under control in the syringe this 
may be readily and quicldy done. 

An additional advantage of the small needle is that it is fle.xible 
enough to move freely with the dura. Any accidental movement of 
the head produces an up-and-dowm movement of the dural sac in 
the bony canal. If a rigid needle is used, being fixed by two points 
of attaclmient (skin and interspinous ligament) it is tmable to bend. 
As a result, the dura saws over the needle with each movement of 
the head with resultant enlarging of the needle opening and greater 
oppportunity for postpuncture leakage. It is needless to say, of 
course, that the small needle produces much less trauma to the sldn 
and ligament and is therefore less painful to the patient. If the 
needle is falsely directed in the first attempt, additional punctures 

Such a needle may be obtained from Bccton Dickinson & Co., Rutherford 
N. J. (N'o. 4C0LN'G). 
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may be made without undue discomfort to the patient. "If the 
patient is extremely muscular, an IS-gauge 'needle may be passed 
through the skin and interspinous ligaments following the application 
of novocain. The small needle will then readily follow the track 
of the 18-gauge needle. 

Results of Use of Proper Needle. All observations recorded in 
this discussion were made on ambulant patients examined by the 
Division of Medicine or of Neurology at the Wieeling Clinic. These 
candidates for puncture report to us at 9 a.ji. They remam at the 
Clinic in bed until 4 p.m. At this time they are allowed to return 
home, employing various means of transportation which vary from 
a long walk to a trip by railroad, bus or automobile. The distance 
which individual patients travel varies from a few blocks to 50 
miles.- Obviousl3^ such patients cannot follow the dictum of Stokes. ® 
“After the patient lies down following the puncture, he should not 
sit up again for at least 24 and preferably 48 hr.” The adoption of 
the needle as described above reduced the incidence of postpmicture 
headaches in our patients from approximately 10 to 5%. However, 
if lumbar puncture were to be made as often as indicated on ambu- 
lant patients, it became imperative to reduce the incidence of head- 
ache still lower. 

Observations Leadmg to Further Reduction in Posipunchirc 
Headaches. 1, The appearance of a drop of spinal fluid on the sldn 
following the withdrawal of the needle, 

2. In punctures in which some diflBculty is experenced in entering 
the dural sac, or if for any reason the stylet was withdraw from 
the needle before the dural sac was entered, we often noted a slight 
but distinct hissing sound as if there were a sudden inrush of air into 
the needle. 

3. We have observed that if the needle is slowly withdraw fol- 
lowing successful puncture that the drop of fluid in the hub of the 
needle was sometimes aspirated inward. This seemed to occur just 
after the needle point emerged from the dura. 

4. Strangely enough, the punctures which were performed with 
the greatest ease were apparently the ones which lead most fre- 
quently to postpunctui-e headaches. In other words, punctures 
which were accomplished with one simple advancement of the 
needle, resulted more frequently in postpimcture reaction. 

We were at a loss to explain or to correlate these isolated observa- 
tions until the publication of the excellent work of Heldt and 
Maloney.^ These workers, having noted the same phenomena, 
concluded that a condition of negative pressure existed in the epi- 
dural space, somewhat comparable to the negative pressure existing 
in the pleural spaces. The development of such a negative pressme 
was believed to be due to late embryonic and early fetal extension 
of the vertebral column. The more rapid growth of the bony struc- 
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tures produces a caudal elongation of the vertebral canal away from 
the conus terrainale of the slower growing, encephalad fixed cord. 
They found this negative pressure to vary from - 1 to — 18 mtn. 
of mercury. We have constructed a manometer similar to their 
model and have been able to confirm their findings in certain indi- 
viduals (14 patients in this series). The amount of negative pres- 
sure in the epidural space varies greatly and probably is not present 
in all patients. We have no explanation for this apparent variation. 
Two statements may be made in regard to the measurement of this 
pressure. If the needle is advanced too far and impmges on the 
dura without puncturing it, a false negative pressure will be regis- 
tered as the epidural space is increased by the forward pressure on 
the dura. Second, we have not been able to demonstrate negative 
pressure in individuals who have had multiple lumbar punctures. 
It is probable that the degree of negative pressure in the epidural 
space is affected by, (1) the amount of spinal fluid present, i. e., the 
expansion or contraction of the dural sac; (2) filling and emptying 
of tlie epidural veins with change of posture. If the presence of a 
negative pressure in the epidnral space may be assumed as seems 
justified by the observations of Heldt and Maloney, and our own 
observations, it is ob\dous that the O 2 )portunity for leakage to occur 
depends upon the balance of the pressure existing in the subdural 
and epidural spaces at the needle opening. Negative epidural pres- 
sure would tend to aspirate fluid through the dural opening no matter 
how small this opening may be and such aspiration might be expected 
to continue until an equalization of pressure was established. So 
long as such leakage continues, postpuncture headache might be 
expected, from small but steady withdrawal of fluid from the sub- 
dural space. It should be pointed out also that the withdrawal of 
fluid from the spina dural sac decreases the space occupied by the 
si)inal membranes, thereby increasing the volume of the epidural 
space with a resulting increase in negative pressure. 

Prevenfion of Posipuncture Headaches Based Uimi the Above 
Ohsenaiions. Nelson^ advises the plugging of the dural opening 
with a strand of catgut inserted by a very ingenious instrument 
which he has devised. This has also been attempted by Heldt and 
hlaloney-'’ with success so far as the obxdation of headache is eon- 
cenicd. IIowe\'er; the use of the catgut has resulted in rather severe 
reactions marked by rise in temperature and disagreeable leg pains. 

Remembering our observation that the easy punctures produce 
the most headaches, we concluded that the repeated withdrawal of 
the stylet during the more difficult punctures allowed the outside 
air to 2 )ass through the needle to the epidural space, thereby raising 
the pressure in that region at least temporarily to atmospheric 
figures. We have therefore made it a i^ractice to halt the needle in 
the epidural space during each puncture and allow it to remain m 
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siiu with the stylet removed. The puncture is then continued in the 
usual way. On completion of the pmicture the stylet is not replaced 
but the needle is withdravm again into the epidural space. It is 
allowed to remain there for 30 sec. before being pulled out through 
the ligaments. It is our belief that the air thus allowed to enter 
the epidural space serves temporarily at least, as a cushion against 
the leakage of fluid from the dural sac. 

Since we have adopted; (1) The use of a needle not greater than 
22-gauge with a sharp tapered point; (2) the practice oi slow with- 
drawal of the needle with full time allowance for the entry of air 
to the subdural space, we have been able almost completely to 
obAuate the complication of severe postpuncture headache. In 
the last 100 examinations done on ambulant patients, 3 have com- 
plained of slight headaches the day following pmicture. These 
were not severe and did not necessitate the patient gmng up his or 
her usual daily actmties. "We consider tins a reduction of the 
incidence of postpimcture headaches to less than 3%. The mor- 
bidity in this series is so slight that it may be disregarded. 

Summary. 1. The more frequent exammation of the spinal 
fluid, especially in suspected sj’philis, is advocated. 

2. A review of the literature, combined with our ovm confirmatory 
observations, strongly suggests that continued leakage of spinal 
fluid from the dural sac is the predominant cause of postpmicture 
headache. This continued leakage may be obmated by: o, use of 
needle not larger than 22-gauge with a sharp tapering point; h, 
the elimination of the negative epidural pressiue, shown by mano- 
metric readings to exist in at least some individuals. This is accom- 
plished by allowing an inflow of air through the needle while the 
point rests in the epidural space. 

3. The observance of the precautions mentioned above has 
resulted in marked reduction in the incidence of postpuncture head- 
ache in our series (from 10% to 3%). This has been accomplished 
despite the fact that puncture is performed regularly on ambulant 
patients. 
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(From the Neurological Scnace of Bellevue Hospital, Dr. Foster Kennedy, Director.) 


The excellent review of Riley* has so completely covered the 
subject of migraine that an extensive survey is unnecessary at this 
time. Like the convulsive state, migraine is a symptom complex 
due to a number of causes. Allergic reactions, hormonal imbalance, 
water retention and instability of innervation of the meningeal 
and cerebral vessels have been regarded as etiologic factors. At 
present, most students of the subject believe that a vascular spasm 
in the meningeal and cerebral vessels forms the pathophysiologic 
basis. 

To evaluate the results of the drug actions to be described, it is 
necessary to understand the vasomotor innervation of the cerebral 
circulation. Direct photomicrography has demonstrated vaso- 
motor control of the cerebral circulation (Forbes and Wolffs), 
and the pathway in cats and monkeys has been traced by Cobb 
and Finesinger® and Chorobski and Penfield.'* Stimulation of the 
proximal end of one vagus nerve induces bilateral cerebral vasodila- 
tation— a parasympathetic action, whereas stimulation of the cervical 
sympathetic causes ipsolateral vasoconstriction of pial vessels. 

In the following study we have investigated the effects of non- 
sedative drugs and other measures in a group of individuals suffering 
from typical long-standing, severe and intractable migraine. The 
mediail, neurologic, nasal and serologic examinations were entirely 
negative. The basal metabolic rates and roentgenograms of skull 
and nasal sinuses were normal. There were 19 women ranging in 
ages from 19 to 64 (average, 37) and 6 men from 36 to 48 (average, 
42). The duration of the disease in both groups averaged 21 years. 
The hcadaclies occurred from 2 to 12 times a month. Menstruation 
was a provocative factor in 13 of the 19 women, 

* These investigations have Ijecn aided by a grant of the Josiali Macy, Jr., Founda- 
tion, 
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The effects of the various measures are summarized in Table 1. 
Hypodermic medication was used to avoid the uncertainties attend- 
ing gastro-intestinal absorption. 

TabiiB 1. — The Result of Vabious Measures ih the Production' and Relief 
OF Migrainous Headache.* 






Intensi- 

fication. 

Headache. 

Measure used. 

Belief. 

Doubtful. 

No relief. 

Produced. 

Not 

produced. 

Hyperpnea . 






13 (11 F) 






3 ( 2 M) 

Stibculancous injection 
Follutein . 





4 (4 F) 

11 { S F) 

Pitressin . 



1 (1 F) 




2 ( 2 M) 
4(4F) 

Insulin 





1 (1 F) 

IS (11 F) 

Histamin . 



5{4F) 

3 (3 F) 

4 (3 F) 

1 ( 1 M) 

5 ( 3F) 

Adrenalin . 

2 ( 2 F) 


3 (3 F) 

1 (1 F) 

. » . • 

3 ( 3 F) 

Ephedrin . 

2 ( 2 F) 

■ ■ 

' 6 (4 F) 

1 (1 F) 

.... 

1 ( 1 M) 

1 ( IF) 

Ergotamin 1 . 

27 (11 F) 


3 (2 F) 

.... 

.... 



tartrate / . 

; 7 ( 3 M) 


2 (2 M) 


1 (IP) 


Mecholin . 

■ 0 ( 4 F) 


4 (4 F) 


1 ( 1 F) 

Amniotin . 

2 ( 1 F) 

■ • 

15 (3 F) 

1 (1 F) 

1 (1 M) 
3 (2 F) 

Tissue Extract 5CS 

3 ( 3 F) 


3 (3 F) 

1 (1 F) 

1 (1 F) 

1 ( 1 M) 

Caffein sodium 
benzoate 


i . 

4 (4 F) 

2 (2 M) 




Amyl nitrite (by 

2 ( 2 F) 


3 (3 F) 



1 ( 1 M) 

inhalation) . 


1 

■ 1 (1 M) 



Calcium gluconate 

2 ( 2 F) 

i 3 (3 F) 

3 (3 F) 


■ 


(by intravenous 
injection) 


t' 

1 (1 M) 


.. . 



* The numbers refer to the number of e.xperimcnts. P = woman; M - man. 


Hyperpnea. Since migraine bears a well-known relationship to 
the convulsive state, it is natural that hyperpnea which induces 
con\mlsions in about 40% of epileptics should be used to provoke 
headache. Muck® investigated 27 cases of migraine and found 
that the headache could be produced in those indi\dduals who gave 
a positive reaction to adrenalin applied to the nasal mucous mem- 

briiuc* 

In our series, 11 women were subjected to 13 hyperpnea tests 
and 2 men to 3 tests without the appearance of headache. The 
period of overventilation lasted 8 to 10 minutes. The patients 
TOmplained of uncomfortable tingling and numbness in the extrenu- 
ties and showed positive Chvostek sign; 1 woman developed tetanic 
spasms. The adrenalin test described by hliick was not used in 

tins series. 
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Folhdein (or Aniuitrin S). This preparation contains 2 of the 
hormones of the anterior lobe of the pituitary gland an ovarian 
follicle-stimulating hormone (Prolan A) and a luteinizing hormone 
(Prolan B). Riley, Brickner and Kurzrock® found prolan in the 
urine before or during a migrainous headache in 20 of 29 instances. 
They injected 2 cc. of follutein intramuscularly in 9 women and 
were able to produce a characteristic headache in 7, in 4 to 12 hours. 
In 1 of 2 men the injection of follutein induced a headache. We 
injected 1 cc. of follutein subcutaneously and produced the typical 
headache in 4 women, but failed 11 times in S other women. Follu- 
tein in 1-cc. dosage failed tvdce in 2 men. 

Piiressin. This is a hormone derived from the posterior lobe of 
the pituitary gland. It has proven useful in diminishing the 
urinary output in cases of diabetes insipidus. Forbes and his co- 
workers^ have shown that local intravenous injections of pituitary 
extract and pitressin cause dilatation of the pial arteries in anesthe- 
tized animals in 65% of the cases and constriction in 19%. Pitressin 
is believed to promote water retention in tissues. Foldes® believes 
that migraine is due to increased water retention in meningeal and 
cerebral tissues. 

We injected 1 cc. of pitressin in 4 women and at the same time 
forced fluids. No headaches resulted. In 3 of the cases increased 
retention of water was not actually proven. 

Insulin. An attempt was made to produce the headache by the 
injection of insulin. In 11 women and in 1 man, 19 injections of 
10 or 15 units failed to produce the headache in the fasting subject; 
in 1 woman a headache was induced. Apparently a state of low 
blood sugar is not an important cause of migraine. 

Histamin. This is beta-iminazolyl ethylamin. According to 
Sollmann,'' histamin causes an extensive fall of blood pressure due 
to capillary dilatation. It acts on the vessel wall with an effect 
opposite to that of adrenalin. One-half cubic centimeter of 1 to 
1000 histamin phosphate was injected and its effect noted for a 
period of 3 hours. In 4 women it afforded no relief 5 times. In 
3 women the headache was intensified. In 3 other women headaches 
were produced on 4 occasions; in 3 women it failed to produce 
headache 5 times. Siuce histamin is a capillary dilator, one would 
expect that it might help those individuals whose headaches were 
relieved by ergotamin tartrate, the action of which is also believed 
to be one of vasodilatation, dependent upon sympathetic paralysis. 
However, injections of ergotamin tartrate eased the headache in 
1 woman on 9 dilierent occasions, whereas in the same patient 
histamin failed twice to affect the headache, and the third time made 
it wor.se. Another woman was benefited on 2 occasions by ergo- 
tamin tartrate but was not relieved by histamin. 

Adrcnnhn. ^ I’orbes, Finley and Nason*® have showm that the 
intravenous injection of adrenalin causes a rise in general blood 
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pressure and a secondary dilatation of the pial bloodvessels in cats 
and monkeys. ^^Tien adrenalin is applied locally to the surface 
of the brain it induces a more or less mild vasoconstriction. In our 
cases, 1 cc. of a 1 to 1000 adrenalin solution was injected. In 

6 women it helped twice and failed 3 times; in 1 woman the head- 
ache was intensified. In 3 women and in 1 man no headache was 
produced by the end of 1 hour. In 1 woman relief was obtained 
twice, but similar benefit also followed the injection of the vaso- 
dilator, ergotamin tartrate. In another woman, ergotamin tar- 
trate was ineffective. In 2 other instances, ergotamin tartrate was 
effective, whereas adrenalin failed. The relationship of these 2 
drugs will be discussed below. 

Ephedrin Sidphaie. In 2 women an injection of 1 cc. of ephedrin 
sulphate (gr. J) gave relief, but in 4 other women 6 headaches were 
unaffected. In 1 woman the headache was intensified; in another 
it failed to induce headache. In 1 of the women relieved by ephe- 
drin the headache was also favorably influenced by ergotamin tar- 
trate. However, 3 headaches in 1 woman were unaffected by ephe- 
drin and a 4th was made worse; the same woman was completely 
relieved on 4 different occasions by ergotamin tartrate. 

Ergotamin Tartrate {Trade Name, “ Gynergen”). This is one of 
the alkaloids of ergot which was isolated by Stoll,^' in 1918, in 
crystalline form. Dale“ pointed out that there was a “specific 
pharmacologic antagonism” between ergotoxin and adrenalin. 
Ergotoxin paralyzes the sympathetic augmentor functions stimu- 
lated by adrenalin. Ergotamin paralyzes both the motor and 
inhibitory endings of the sympathetic nervous system according to 
Rothlin,'^ and bears the same relationship to the sympathetic 
system that atropin bears to the parasympathetic. 

Ergotamin tartrate has been used in the treatment of migraine 
for a number of years. Tzanck,'* in 1928, noted improvement in 
8 subjects; 2 of 3 sufferers from status migrainosus were reported 
as “almost eured.” Trautmann'* described favorable results in 
the treatment of 30 patients. Kottmann’® reported improvement in 
5 patients with sympathicotonic features. He noted also that 
subcutaneous injection had a more intense and beneficial effect 
than oral administration. He stressed the involvement of the 
vegetative nervous system in migraine, and reemphasized the 
grouping of migrainous subjects into sympathicotonic and vagotonic 
types. By the successful use of ergotamin tartrate, Kottmann 
believes that one can isolate the sympathicotonic group from other 
types of migraine which are unbenefited by this drug. 

In this series, 11 women were benefited 27 times and 3 men, 

7 times. Two women were not relieved during the course of 3 
headaches and 2 men were not helped in 2 headaches. At no time 
was a headache made worse. Headaches once removed by this 
drug were always eased by it; if the drug failed on the first injection. 
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it was ineffective on future trials. Injection of 0.5 (0.25 mg.) to 
1 (0.5 mg.) cc. of ergotamin tartrate caused the headache to dis- 
appear in 1 to 3 hours. Vomiting frequently accompanied relief. . 
Ergotamin tartrate may be given orally in pill form in 1-mg. dosage. 

In our experience, subcutaneous was more effective than oral 
administration. At times the taking of 1 mg., 2 to 4 times a day 
by mouth, during the symptom-free interval lessened the frequency 
and severity of the attacks. In 1 of our cases in which benefit 
occurred, the discontinuance of the drug precipitated a very severe 
headache. This seemed comparable to the outbreak of convulsive 
seizures when phenobarbital is suddenly stopped after prolonged 
usage. 

Acetyhholin and Mecholin. Loewi'^ first demonstrated the action 
of the vagus hormone in 1921. He showed that vagus stimu- 
lation of a frog’s heart liberated a substance which entered the 
perfusing solution. This perfusate was capable of stimulating a 
second frog’s heart in a vagotonic manner. The name, “Vagus- 
Stoff” was given to this hormone which is the direct antithesis of 
the sympathetic hormone— adrenalin. The vagus hormone is 
acetylcholin or a very closely allied compound. Acetylcholin is 
very rapidly disintegrated in the body. Simonart^® isolated a more 
stable compound, the acetyl ester of betam ethyl cholin (mecholin). 
Wolft'i® observed dilatation of the cerebral arteries, veins and minute 
vessels in the cat after the intravenous injection of acetylcholin. 
When subcutaneously injected in man in 15-mg. dosage, mecholin 
produced a striking reaction, characterized by flushing, salivation, 
lowering of blood pressure, with rise in the pulse rate. The tachy- 
cardia seemed to be a compensatory phenomenon offsetting the low 
blood pressure. 

In 4 women G headaches were relieved very promptly; in 4 other 
women it was ineffective 4 times. It produced headaches in a man 
and in a woman on 2 occasions, and once it failed to induce headache 
in a woman. In our most intractable case of migraine, injection 
of mecholin produced immediate and remarkable relief on 3 occa- 
sions after many other measures had been unsuccessfully tried. 
Though relief is almost immediately attained, the headache is apt 
to reappear after ^ to hr. as the action of the drug wears off. 

Parasympathetic (vagus) stimulation induced by mecholin has 
not the same effect as regards the headache as sympathetic paralysis 
believed to be produced by ergotamin tartrate. For we have seen 
instances in which mecholin failed to relieve headaches in an indi- 
vidual invariably relieved by ergotamin tartrate. Moreover, in a 
man benefited by the latter, mecholin at one time produced a 
licadaclie. 

Avimolin. This is the estrus-inducing or ovarian follicular hor- 
mone. Amniotin is prepared from fetal amniotic fluid. One cubic 
centimeter (equalling 50 rat units) was the dose used in this series. 
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One woman was relieved of 2 headaches, but it failed in 3 other 
women on lo occasions. In 3 women it produced a headache or 
intensified one on 4 occasions. Since Riley, Brickner and Ivurzrock'^ 
demonstrated the deficiency of this hormone in the urine of women 
suffering from mgraine, before and during the headache, one might 
expect its administration to have a beneficial effect in prevention. 
However, this has not occurred even when the hormone was given 
repeatedly over a number of days. Indeed, in 1 woman, 5 cc. 
(250 rat units) produced a headache on 1 occasion and 2 cc. (100 
rat units) on another. 

Tissue Extract 568. This is a pancreatic derivative which is said 
to contain neither histamin nor cholin in sufficient quantities to 
explain its physiologic action. According to Wolffe and his co- 
workers,^® it is said' to have a vasodilator effect contrary to that 
of adrenalin. It is standardized in terms of units (10 units to 1 cc.). 
One unit of tissue extract is said to neutralize the pressor effect of 
1/1000 mg. of adrenalin. It was administered in doses of 3 cc. 
subcutaneously (30 units), with the following results; In 3 women, 
3 headaches were relieved; in 3 other women there were 3 failures; 
once it did not produce a headache in a man, but on another occa- 
sion it provoked a headache in a woman. Once a headache was 
intensified in a woman. In 1 woman unrelieved by mecholin, relief 
was gotten from tissue extract though the headache reappeared the 
next day. In a man in whom mecholin produced a headache, tissue 
extract failed to induce one. 

Caffcin Sodivvi Benzoate. It has been known that there is no 
inci-ease in intracranial pressure during a migrainous headache, 
hence no benefit may be anticipated from the use of drugs which 
decrease intracranial pressure, such as cafl’ein. Four women and 
2 men were unrelieved of their headaches by the subcutaneous ad- 
ministration of this drug, in dosage of gr. wiss. 

Amyl Nitrite. Inhalation of this drug produces a rapid though 
transient rise in intracranial pressure. Wolfl'^^ observed dilatation 
of the cerebral vessels in the cat followdng inhalation of this drug. 

Relief was obtained in 2 women but not in 3 others. It did not 
relieve a man and once failed to produce a headache in a man. 

Calcinm. The calcium-potassium balance is said to have an 
influence on the normal action of the vegetative nervous system. 
Potassium is an adjuvant to the parasympathetic, and calcium to 
the sympathetic nervous system. If some cases of migraine are 
due to the overaction of the sympathetic nervous system, the 
administration of calcium might be expected to increase the head- 
ache. In our series, calcium gluconate (10 cc. of a 10% solution 
containing 9.3% of the calcium ion) was used intravenously. Two 
women were benefited tv,dce, 3 others were given doubtful relief: 
in 3 others no favorable effect was noted; this was also true in 
1 man. One woman was helped on 1 occasion and partially relieved 
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on another; she was repeatedly aided by ergotamin tartrate. In a 
man and a woman unbenefited by calcium, ergotamin tartrate was 
successful. 

Summary. To the investigator of so paroxj’^smal a disorder as 
migraine, the ability to indme the headache by artificial measures 
is an important time-saving factor. In this series no consistent 
provocative measure was found. Follutein, histamin and large 
doses of amniotin were sometimes successful. 

In the relief of the headache, the most strilfing benefit wms 
obtained by the hypodermic injection of ergotamin tartrate, a drug 
which is believed to produce vasodilatation by paralyzing the 
sympathetic innervation. However, such action on the human 
cerebral circulation has not been proven. Measures supposed to 
induce vasodilatation of the cerebral vessels did not give invariable 
relief. Thus mecholin, a parasympathetic (vagus) stimulant did 
not always prove helpful, though it gave striking relief in a few 
cases unaffected by ergotamin tartrate. Histamin was observed to 
produce cerebral vasodilatation in a man during the course of a 
cerebral operation (Weiss, Robb and Ellis--),- yet it was not of 
benefit in our series; indeed, this drug was more apt to intensify 
or provoke the pain. Amyl nitrite, another vasodilator, failed 
more often than it brought relief. Adrenalin also was often of no 
benefit, ^^fi^ile adrenalin causes dilatation of the pial bloodvessels 
in animals as a secondary result of the rise in blood pressure, we 
do not know what effect subcutaneous injection of this drug has on 
the human cerebral circulation. 

The administration of the ovarian follicular hormone, which is 
known to be lacldng in women with migraine, did not give the 
expected results. The injection of intravenous calcium was also 
more or less ineffective. 

The diversity of results points to the presence of more 'than one 
pathophysiologic mechanism in the production of migrainous 
headache. One is led to believe that vasospasm is probably a 
secondary effect of, and not a primary factor in migraine. 

U o wish to express our thanks to the followinp; concerns for their gcncrovis contribu- 
tions of dnips used in this research: Merck and Co., Sandoz Chemical Works, Jnc., 
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SKIN REACTIONS, CHEMICAL AND IMMUNIZING 
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This work was begun for the purpose of studying the pathogenesis 
of nephritis produced experimentally by toxins of the Streptococcus 
scarlatinfe. In order to counteract the comparatively high resist- 
ance possessed by experimental animals against the streptococci, 
various concentrates from the sterile filtrate were injected. Follow- 
ing the injection of certain of the concentrated products, extreme, 
degenerative nephritic lesions were produced in which destruction 
of tubular epithelium and complete loss of many glomeruli were 
the outstanding features. Productive glomerular changes were 
never encountered. The tubular changes were so intense as to 
suggest the presence in the injected material of toxic substances 

* This work was assisted by a grant from the Pittsburgh Branch of the American 
Association of University Women. 
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other than that of the specific toxin. The character of these asso- 
ciated toxic substances was revealed when comparable pathologic, 
changes were produced by injection of similarly concentrated prod- 
ucts of the uninoculated broth. Protein decomposition products, 
such as peptones, proteoses, albumoses, etc., occurring in the media 
and precipitated with the bacterial toxins in the course of the con- 
centration procedures can produce per se pathologic changes in the 
kidney and other parenchymatous organs which simulate lesion^ 
due to the toxins alone. 

The presence of such non-specific proteins, in our opinion, militates 
against the assay of toxicity of the bacterial products of the Strepto- 
coccus scarlatinte by lethal dosage and handicaps the use of such 
products experimentally or clinically. We, therefore, deemed desir- 
able the removal of such associated non-specific products as far as 
possible, from the toxin, before attempting the production of 
scarlatinal lesions or determination of the lethal dose of the toxin. 

Although successful production of scarlatinal renal lesions com- 
parable to those found in the human have been reported with the 
toxins of the Streptococcus scarlatinse by Duval and his associates,^ 
their findings have not been confirmed by Birldiaug and Howard^ 
nor by our experiments. 

Technique. Two strains of hemolytic streptococci were used for most 
of our experiments. One of these (No. 543) was a strain isolated by Dick 
and Dick and procured from the American Type Culture Company of 
Chicago in 1929 . The second strain was isolated at the Children’s Hospital 
from a postscarlatinal mastoiditis. Six days after exposure to this organism 
during experimental work, one of us (M. L. M.) developed a typical case 
of scarlet fever. The to:an from these 2 strains was, as far as could be 
determined , of equal toxicity. A third strain obtained through the kindness 
of Dr. Gladys Dick, in 1931, was also employed in later experiments. The 
medium used was a hormone broth containing 1 % peptone and titrated to 
pH 7.5. In some cases 0.5% gelatin was added, but as this increased the 
time required for filtration of cultures, its use was discontinued. 

To insure optimal aeration, 250 to 300 cc. of broth were placed in 1-liter 
flasks, inoculated and shaken frequently. Incubation for 5 days gave on 
fractionation a good jdeld of specific toxin but very small amounts of the 
nucleoprotein. Ten to 14 days’ groudli increased the yield of nucleoprotein, 
but was not so favorable for specific toxin production. In most e.xperi- 
ments the incubated broth, after 5 days’ incubation, was allowed to stand 
overnight. The upper clear supernatant fluid was decanted off and filtered 
successively through Berkefeld filters V and N. Culturing of such filtrates 
demonstrated their sterility. The various methods used for the purifica- 
tion and concentration of the toxins have been recently re\iewed by Wads- 
worth and Quigley The outstanding agents employed have been ammo- 
nium suljihate, acetic acid, a combination of these two, alcohol in vaiq’ing 
concentration and acetone, all of which have been tried by us. In the first 
sene.s ammonium sulphate in half saturation was added to the filtrate, 
^ precipitate removed (Precipitate I). To the remaining filtrate 
ndaitiqiial ammonium sulphate was added to saturation and the resulting 
Iircciinfate removed (Precipitate II). 'These 2 precipitates were further 
1 if^prccipitatmg tirice and bj’ dissohing in a minimal amount of 
water and reprccipitating with 3 volumes of 95% alcohol. The 
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addition of 2 volumes of alcohol to the filtrate from Precipitate I resulted 
in the further formation of _a _hea\'y white precipitate, but this had tittle 
skm reddening property. Similar treatment of filtrate from Precipitate II 
resulted m a cloudiness only. 

_ The best results were obtained by precipitation with alcohol in a manner 
similar to that described by Ando.'* Acetone precipitations were consis- 
tently darker and greater in quantity. When the medium contained gelatin, 
the nucleoprotein was first removed by precipitation with acetic acid at 
.pH 4 and centrifugation. The supernatant filtrate was neutralized to 
approximately pH 7 and varying amounts of 96% alcohol then added with 
stirring. The resulting precipitates wwe removed by centrifugation. Two 
volumes of alcohol sufficed to remove the major part of the toxic material as a 
skin reaction could not be elicited with the filtrate remaining after the removal 
of this precipitate. The bulky precipitates obtained vith larger amounts 
of alcohol contained little additional specific protein. The average amount 
of toxin obtained with 2 volumes of alcohol was 0.3 gm. per liter of filtrate. 

' Variations in amount depended mainly on length of incubation. Minimal 
amounts were obtained with 48 lir. and optimal ivith 5 to G days’ incuba- 
tion. The crude toxin was concentrated and reduced in volume by taking 
advantage of the greater solubility in water possessed by it than by the 
associated contaminants. The crude toxin was extracted vith 200 cc. of 
distilled water per liter of original filtrate. Any undissolved material 
remaining was removed and dissolved in dilute acetic acid and designated 
fraction B. The aqueous extract after removal of fraction B was acidified 
with acetic acid (1 to 3) to pH 4, and the resulting white precipitate, desig- 
nated as nucleoprotein, removed by centrifuging. The remaining filtrate 
was neutralized to pH 7 and precipitated with 2 to 1 alcohol. This white 
precipitate contained the bulk of the specific toxin. Refractionatiou was 
repeated 3 times in order to obtain a uniform product. When gelatin- 
enriched medium was used, the initial addition of acetic acid to pH 4 gave 
a bulky precipitate wliicli contained not only the nucleoprotein but also 
many proteins derived from the gelatin. Neutralization of the filtrate 
resulting after centrifugation and subsequent treatment i\ith alcohol, as 
outlined above, gave a specific toxin as in the gelatin-free filtrates. Tlie 
final white precipitate was dried in vaaio and averaged 300 mg. per liter. 
This material gave a positive skin test in susceptible humans when 0.1 cc. 
of a 1 in 2500 solution or 0.04 mg. was injected intracutaneously. Subse- 
quently tlie potency was increased to an intracutaneous dosage of 0.1 cc. 
of 1 to 3400 dilution by more rapid and careful chemical fractionation and 
diying. By the above chemical manipulation there is a considerable loss 
of toxin with reduction in solubility. Attempts to concentrate both the 
original filtrates and the concentrated toxins by means of adsorption with 
gmn arabic, magnesium hydroxid and aluminum hydroxid at various plls 
gave evidence of adsorption on the first 2 materials, but the degree of puri- 
fication was not sufficiently satisfactory to justify further immediate work. 

Pregl’s micromethods were used in the determination of carbon, nitrogen, 
hydrogen, ash and phosphorus in the 3 fractions, ^^z., nucleoprotein, 
specific toxin and Fraction B. Samples weigliing 4 to 6 mg. were used for 
all analyses. . 

In addition to the above analyses, optical rotation, reducing sugars, 
sulphur and moisture were determined on the specific to.xin. 

For the optical activity 100 mg. of the sample were dissolved in 10 cc. of 
water and the optical rotation measured in a standard saccharimeter. 

R^ucing sugars were determined by titration of a knorni quantity of 
hydrolyzed solution against Benedict’s reagent. Hydrolysis was carried 
out in 20% hydrochloric acid for 12 hr. 
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Because of the high phosphorus content of fraction B, it was analyzed 
for calcium by precipitation of calcium oxalate. 

The nucleoprotein fraction was tested for reducing sugar and optical 
rotation in the same manner as for the specific toxin. 

Results of the microanalyses made on the 3 concentrated fractions 
derived from the filtrate are detailed in Table 1. The nitrogen 
content ’(13.53%), solubility characteristics and isoelectric point at 
approximately pH 4 of the nucleoprotein fraction indicates a tj^iical 
protein. The low phosphorus and absence of a significant amount 
of reducing sugar after hydrolysis of the nucleoprotein is probably 
due to a certain amount of hydrolj'sis, despite precautions against 
this. Its group antigenic specificity (discussed later) strongly indi- 
cates that it forms an essential part of the streptococcic cell. It 
gave a positive skin reaction wdien 0.1 cc. of a 1 to 10,000 concen- 


Table 1. — Analysis of 3 Fractions Separated From Filtrate. 


Nitrofien . 
Carbon 
Hydrogen . 

Ash 

Phosphorus 

Sulphur 
Reducing sugar 

Specific rotation 


Specific toxin 


Nuclco- 

protein, 

Fraction 

B, 

Prepnrntion 1 

Prcvaralion 

% 

% 

% 

% 

f 11.56 

5.19 

6.86 

5.45 

13.49 

5.33 

6.91 

5.75 

1 ... 


7.58 

5.76 

/ 27.91 

8.07 

35.86 

38.98 

\ 31.71 

10.70 

36.56 

39.20 

[ 3.93 

4.10 

5.33 

6.40 

{ 4.54 

4.34 

. 5.77 

6.65 

i ... 

6.U 

4.47 

51.01 

5.54 

3.44 

0.50 

51.03 

5.92 

3.50 

( 0.05 

\ O.OS 

51.17 

Chiefly 

CasCPOO: 

11.52 

11.71 

1.58 

1.64 


1 

Trace 

(after 

hydrolysis) 

11.72 

0.30 

9.50 

(after 

hydrolysis) 



' ■ 

20 

- - 

a 

= “ 30 ° 

oc 

- - 

D 



tration was injected intracutaneously in most older individuals. 
Fraction B, which consisted mainly of acid calcium phosphate 
associated with both protein and carbohydrate material, was inert 
on intracutaneous injection. The calcium was largely derived 
from the medium. ^ T he specific toxin corresponds to a glycoprotein, 
in which the protein is conjugated with a stable sugar group. It is 
heat-stable and only loses its specific activity after boiling for 11- hr. 
Ao deterioration in the activity of the dried preparation has been 
found at the end of .3 years. By the method of purification used, 
the solubility in water and saline of the skin-reddening toxin of the 
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Streptococcus scarJatinjB was considerably decreased and the 
potency was mucb diminished. This observation is in agreement 
wdth Ando. Following precipitation by salts, alcohol or acetone, 
there was a decrease in solubilitj'^ wliich was marked if allowed to 
stand in contact 'with the precipitating reagents too long. Rapid 
manipulation was found to be ad\nsable for a high degree of recovery 
of the readily dispersed protein. Inasmuch as the rate of distribu- 
tion and physical reactions in vivo are conditioned by the degree 
and ease of dispersion, this factor is considered an important one. 

Preliminary standardization of the concentrated toxin on young 
white pigs, as recommended by Rosenow,® was tried. Consider- 
able variation was noted in different ind^^^dual animals, some 
failing to give any response whatever. Suitable animals were 
roughlj' yV 2 s susceptible as the human, and the reaction appeared 
in 5 to 8 hr. Because of the comparatively low sensitivity of the 
pig’s skin, final standardization had to be made on human subjects. 
The variation in activity between successive preparations of the 
toxin was so slight that this preliminary test was not found, to be 
of any advantage. The final standardization was checked against 
the commercial "Dick” toxin on susceptible and non-susceptible 
individuals. 

Susceptibility tests were made on 319 children up to the ages of 
15 at the Children’s Hospital, Presbyterian Home and Roselia Horae 
for Foundlings. Intracutaneous injections of 0.1 cc. of commercial 
Dick toxin, of the concentrated specific toxin diluted 1 to 3400 in 
saline, and of the nucleoprotein in a dilution of 1 to 10,000 in saline 
were made. The results with the nucleoprotein are interesting 
because of the increased percentage of positive reactions obtained 
with increasing age. Up to 6 months of age, 17.7% positive reac- 
tions were found vnth a rapid increase to 77.8% at the end of the 
1st year. After 4 years of age practically all indi\aduals tested 
gave positive reactions. Var;s-ing degrees of redness with edema 
were observed vnth the nucleoprotein test. 

Positive tests with the specific toxin paralleled those of the 
Dick test in 95 % of the cases. The 5 % consisted mainly of positive 
Dick reactions with negative specific toxin, and can probably be 
accounted for by the fact that much of the non-specific protein 
had been removed from the specific toxin. A very small number 
of cases gave a negative Dick with a positive specific to.xin. Slight 
differences in concentration may account for this discrepancy. 
The tendency of the Dick reaction to e.xhibit a slight edema which is 
generally lacking with the specific toxin we are inclined to attribute 
to the presence of small amounts of nucleoprotein in the former. 

The incidence of susceptibility to scarlet fever at different ages 
as indicated by our tests with the specific toxin varied considerably 
in the 3 institutions. Tliis variation depended largely upon the 
exposure of the inmates to infection. The average percentage of 
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positive tests for the first year was 8% and no reactions were 
obtained during the first 6 months of life. There was a rapid rise 
to 42% during the second year, with a gradually increasing incidence 
reaching 72% in the 5th year. This was followed by. a gradual 
decline to 27 % in the 15tli year. 

Besides the tests made on the patients at the Children’s Hospital, 
susceptibility reactions of the personnel were also made. The 
difference in the reactions found in the group of 113 individuals, 
consisting of resident physicians, nurses and laboratory staff, com- 
pared with those of the 60 employees, is interesting. In the former, 
47 (41.6%) were negative and 66 (58.4%) were positive.- Of the 
47 negative reactors, 21 gave a history of scarlet fever. Among 
the group of 60 employees, only 1 reacted positively, and this indi- 
vidual, a girl aged 20, developed scarlet fever 2 weeks after the 
test was performed. Only 9 of the 59 originally negative gave a 
history of scarlet fever. 

Attempts to immunize 34 of the 66 positive reactors of the staff 
group resulted in producing a negative reaction in 20 (58.8%). 
Of the 34, 16 were immunized with the commercial Dick series of 
5 graded doses and after the fifth dose 7 (43.8%) remained positive. 
The reaction was not altered by a 6th dose. The 2d group of 18 
were immunized with 5 doses of specific toxin of increasing intensity 
comparable to the Dick series. After the 5 doses, 7 (38.9%) 
remained positive. The reaction was not altered by a 6th dose. 
Three of these 7, however, became negative after 8 to 10 weekly 
small doses (i to of the 1st immunizing dose). The positive 
reactors gave reactions "with toxin boiled 1| hr. 

The immunizing acti^dty of either preparation (commercial Dick 
or specific toxin) was about equal, but with neither could 100% of 
older “positive” indi^nduals be rendered negative. 

At St. Paul’s Orphanage a group of 50 children between the 
ages of 6 and 8 were given the 3 susceptibility tests. Of these, 
31 reacted positively vdth both torins. These 31 reactors were 
diNuded into 2 groups for immunization. The 1st group of 20 were 
given weeldy intramuscular injections of 0.5 cc. of the specific 
toxin, in progressively increasing concentrations. l^Tien retested, 
3 weeks after the 4th dose, IS had become negative. The 2d group 
of 10 received each week 2 similar 0.5-cc. injections at a 1-hr. 
interval ; 8^ of these children were negative when tested 3 weeks after 
the Sth injection. That is, 87% of the 31 positive reactors became 
negative after 4 weekly injections of the specific toxin. TVOien one 
results of immunization in these 2 groups, viz., staff 
® fliid younger children at St. Paul’s Orphanage, 

diflenng widely in age, it is seen that nearly 30 % more were rendered 
immune in the early age group than in the older. 

^ l^ith both the Dick and specific toxin, reactions of varying 
intensity were observed in practically all of the individuals immun- 
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ized. The majority of these reactions consisted of local soreness, 
with redness and more or less edema. Headache and nausea and 
in 3 indi^^duals scarlatinoid rashes with rise of temperature and 
constitutional sjuuptoms Avere also observed. These reactions might 
occrir with different injections, although a few indmduals reacted 
to every dose. 

An attempt was made to immunize rabbits against both the 
specific toxin and nucleoprotein fractions and sheep and goat 
against the specific toxin. In only 1 of the 3 series of animals 
injected wdth nucleoprotein was an antiserum obtained. The 
3 surAUAung animals jdelded a potent antiserum which gave a positive 
precipitin test in dilutions up to 1 to 600. Besides the positive pre- 
cipitin reaction, agglutination also could be obtained in a titer from 
1 to 600 to 1 to 1200 against the 3 strains of Streptococcus scarlatinte 
used, if the experiment w’as made with freshly drawn serum (15 to 
20 hr.) or if guinea pig complement was added. Apparently 
sufficient complement w’as present in the fresh serum to suffice 
for the reaction. PositiA^e agglutination was similarly obtained 
against all strains of Streptococcus pyogenes, including erysipelatis. 
On extending the obserA'ations to include streptococcus of A’arious 
strains of the Holman classification, it was found that positive 
agglutination Avas also obtained with mitis, infrequens, equi, fecalis 
and equinus. With the following strains, aiz., saliA'arius, anginosus, 
ignavus and non-hemolyticus, no agglutination Avas obtained. The 
differentiating feature betAA'een the 1st (positive) and 2d (negative) 
group is the ability of the former to ferment salicin. On this basis 
the streptococci can be dhuded into 2 diAusions and hemolysis is 
not a differentiating characteristic. No agglutination Avas obtained 
with any of the pneumococci or members of the coli group. It is 
of interest to note that in the 2 rabbit series in A\-hich no antisera 
was produced, the injections were made during the wdnter months, 
as compared to the summer-injected series AA-ith positive sera. A 
more likely explanation for the negative results of immunization is 
the degradation and chemical change of the nucleoprotein taking 
place during incubation, especially if the latter be prolonged. 
Heidelberger and, Kendall® haA^e shown that several antigens are 
present in the acetic acid precipitable protein fraction. The 
A^arious animals injected with the specific toxin readily dcA'elopcd 
an antibody, AA-hich gave precipitin reaction in fairly high titer AA'ith 
saline suspension of the specific toxin. Howe\’er, similar precipita- 
tion phenomena were obtained when the antisera A\'ere used with a 
suspension of a precipitate obtained from uninoculated broth. _ It 
Avould appear that an immune body had been developed against 
the associated non-specific proteins deriA^ed from the media rather 
than against the specific toxin. Further proof of this assumption 
was observed in the complete lack of any neutralizing eflect on the 
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toxin of the antisera. It should be borne in mind that the specific 
toxin is only a partially purified product. The fairly high solubility 
of the specific toxin in water (a property made use of in its concen- 
tration) also contributes to the diflficulty in producing immune 

bodies. ' 

Two interesting features developed by the work are the results 
of immunization. The 1st is associated with an antigenic nucleo- 
protein which gives a positive agglutination in the presence of 
complement with various strains of streptococcus characterized by 
the property of fermenting salicin. This nucleoprotein is closely 
allied to lieidelberger and Kendall’s E, F and G fractions extracted 
from the Streptococcus scarlatina; and also with Lancefield’s’^ P 
nucleoprotein derived from Streptococcus hemolyticus. The low 
phosphorus content, together with high levorotation of our product 
would identify it more especially with Heidelberger and Kendall’s 
F and G fractions, and implies, as these authors’ work indicate, 
that a degree of hydrolysis had already taken place either during 
incubation or chemical manipulation (despite precautions against 
this) or both. Minor differences, such as decreasing percentage of 
phosphorus, in chemical composition of residues resulting from such 
degradations must necessarily occur. With a sufficient degree of 
hydrolysis there will ultimately result an end product devoid of 
any antigenic property. This we believe to be the explanation of 
our failure to obtain an agglutinating antiserum with the nucleo- 
protein in 2 of our .3 series. The strains of pneumococcus which were 
tested against our antisera were not studied for their fermentation 
of salicin as the relationship of the agglutinated strains of strepto- 
coccus to salicin was only discovered later. The importance of 
such cellular constituents to metabolism is seen by their relationship 
to fermentation. 

The difference in the results obtained by immunization against 
the specific toxin in young and older individuals is probably more 
apparent than real. The fact that many nurses and physicians 
who persistently show a positive Dick reaction, yet despite continu- 
ous contact with scarlet fever, never develop the disease, argues 
strongly for their immunity. Furthermore, immunization pro- 
cedures with the Dick series even when repeated fail to develop 
a negative reaction in these individuals and may even increase the 
extent of the positive skin reaction. Likewise a certain percentage 
of cases of scarlet fever are not followed by a negative Dick reaction. 
One is, therefore, forced to conclude that such individuals, even in 
the absence of a positive reaction with toxin boiled l-J- hr. (as is 
occasionally the case), are immune. We have found that altered 
conditions in the slun, chiefly allergic, may interfere vith the Dick 
reaction to such an extent that the negative sl<in test is completely 
masked. Such pseudoreactions (the nature of which are at tile 
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present under investigation and will be reported in a subsequent 
paper) are undoubtedly responsible for the apparent lack of immun- 
ity resulting from immunization procedures in older individuals. 

Summary. Chemical and immunizing properties and the skin 
reactions of the nucleoprotein and specific toxin fractions separated 
from sterile filtrates of Streptococcus scarlatinre have been studied 
and discussed. 
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INCIDENCE OF SKIN DISEASES IN A STUDENT HEALTH 

SERVICE. 

By Robert L. Gilman, M.D., 

ASSOCIATE IN PERMATOLOGICAI, KESE.A.RCH IN THE HNn'ERSITy OF PENNSynVANIA, 

rHIEADELPHIA, PA. 

(From the Student Health Sendee and the Laboratory of Dermatological Research, 
University of Pennsylvania.) 


PoLLiTZER^ has given us a comparative statistical study of the 
incidence of skin conditions occurring among private and dispensary 
patients. More recently, Lane- published his compilation of der- 
matologic conditions taken from his e.\perience in general practice, 
and Goodman®-^ has undertaken a study embracing almost 1 million 
diagnoses representing both clinic and private practice. These 
figures include the findings of preiious compilers in some instances, 
and may be considered as extremely accurate, due both to the large 
number of cases represented and the time period covered. There 
is an amazingly close correlation among the results of the different 
compilers despite the variation in the age and class of patient and 
the changes from time to time in diagnostic attitudes of the pro- 
fession. 

The present study, utilizing the figures and attendance at our 
recently organized iiealth sendee, represents 112C new diagnoses 
registered from January, 1932, to January, 1934. A tabular com- 
parison of the results of Lane, Goodman and the present investigation. 
(Table l,p. 269.) 

The student group study was of an average age of 19, in good gen- 
eral health, and was composed of 90% men students and 10% women 
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students. The selection ol cases covers 2 school years. As might 
be e.vpected in this type of patient, tinea in some form was by far 
the most prevalent randition, with acne vulgaris second in occur- 
rence. I believe with the present-day diagnostic conception and 
the further limitation of the diagnosis “eczema that tinea is 
probably first in all tabulations and for this reason its importance 
is greatly enhanced. The high incidence of acne is a distinct reflec- 
tion of the age of the group and the threshold of vanity. 


Table 1.— Ten Most Common Skin Conditions. 


Guy Lane (Private General 
Practice) . 

Goodman (Clinic and 
Private Practice). 

Gilman (Student' Health) 

1. 

Dermatitis 

1. Eczema 

1. Tinea 

2. 

Eczema 

2. Tinea 

2. Acne vuilgaris ' 

3. 

Impetigo 

3. Acne -cailgaris 

3. Seborrhea 

4. 

Urticaria 

4. Scabies 

4. Verruca; 

5. 

Acne vulgaris 

5. Psoriasis 

5. Pyoderma 

0 . 

Herpes 

6. Seborrhea 

6. Dermatitis venenata 

7. 

Verruca; 

7. Impetigo 

7. Eczema 

S. 

Tinea 

8. Urticaria 

S. Pityriasis rosea 

9. 

Pruritus 

9. Dermatitis venenata 

9. Moles' 

10. 

Psoriasis 

10. Alopecia 

10. Herpes zoster 


In the diagnosis of tinea (or ringworm) included, of course, are 
fungus infections of the toes, hands and groin (not necessarily 
laboratorily confirmed), ringworm of the body, tinea versicolor (of 
which there were surprisingly few), plantar warts, ringworm of the 
nails and dyshidrosis. In this group, ringworm of the feet, hands 
and groin constituted | of the cases. 

The diagnosis of acne vulgaris was given for the classical picture 
of this condition, ranging from mildly seborrheic skins with many 
comedones to the completed ensemble with fully developed pustules. 
This is probably less than the actual incidence, as I am convinced 
that fully h of the student population has some form of acne vulgaris. 

Seborrhea includes in this compilation the usual well-defined 
seborrhea of the skin and scalp, seborrheic dermatitis and the early 
seborrheic alopecias of students. This latter condition, apparently 
on the increase in young men students, accounts for the relatively 
jiroininent position of seborrhea in the present tabulation. Ver- 
rucje appear high up in the list, due to the students’ willingness to 
avail themselves of the cosmetic aid furnished by the health service. 

Pyoderma is a convenient term for almost all simple forms of 
pyogenic dermatitis which includes “impetigo,’' mild sycoses, 
secondary infections and furuncles. Pyoderma (impetigo) occurs 
in all .3 groups as well as in Tauber’s“ list of common skin conditions 
in children. 

Dermatitis venenata, by which is meant acute or subacute der- 
matitis due to some external irritant, c., rhus tox., although 
among the 10 commonest conditions, represents only 4% of the new 
diagnoses. In this connection I might .add that chronic; dermatitis 

voi,. IK'S, NO. 2, — AirnusT. 1031 10 
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of external origin has been included among the eczemas. Were 
we to limit ourselves to the true diathetic eczema of adolescents 
and young adults (Besnier, Rost), the diagnosis of eczema would 
not appear in our tabulation. However, conforming to the larger 
concept of eczema maintained by European and some American 
dermatologists, I have included certain chronic dermatoses of 
internal and external origin as well as certain cases of circumscribed 
chronic patchy dermatitis and ncuroderimic. 

Pityriasis rosea occurred often enough to include it in the list of 
10, and under circumstances highly suggestive of mild contagion. 
This, too, does not represent the total number of cases, as some 
were undoubtedly seen in other departments of the service. jMoles 
may be- considered in the same light as warts, c., the availability 
of operative relief called forth a high percentage of response. Herpes 
zoster occurred mainly in a mild and practically painless or asymp- 
tomatic form. Xo association with varicella was noted; in fact, 
no case of the latter has been seen during the period under study. 
If one were to exclude both warts and moles from the tabulation, 
then molluscum contagiosum and herpes simplex would be Xo. 9 
and No. 10 in the list. 

It is striking that scabies, pediculosis and psoriasis, although 
common in Lane’s and Goodman's lists, do not appear here. Seven 
cases of each were seen during the 2-year period. Quite likely the 
majority of simple parasitic infections were self-diagnosed and self- 
treated. The scarcity of scabies is striking— and we may e.xpect 
an “epidemic” at any time. Urticaria was an uncommon symp- 
tom-complex in the medical as well as the dermatologic department. 
The remaining skin conditions usually regarded as of fairly common 
occurrence were seldom seen due to the limitations of the age of the 
student group. 

The present tabulation is similar to those previously reported 
and particularly to that of Lane representing a cross-section of 
general practice. It bears out the contention of Goodman and 
others that, since 10 skin conditions constitute from 60 to 78% of 
those seen in practice, they at least deserve that proportionate 
amount of study and attention by the student and the practitioner. 
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GONOCOCCEMIA WITH RECOVERY. 

Report of four Cases. 

By Charles K. Friepberg, M.D., 

CLINICAL ASSISTANT, MOUNT SINAI HOSPITAL, 

NEW YORK CITY. 

(From tho Medical Dopartmont and Dhdsion of Laboratories of the Mount Sinai 

Hospital.) 

There is abundant evidence that arthritis, tenosynovitis and 
other commonly observed benign gonorrheal complications result 
from the invasion of the blood stream by gonococci. Nevertheless, 
published observations reveal that only rarely are gonococci iso- 
lated from the blood in such instances. Recently Filler* reported 
the 7th case of gonococcemia recovering without a persisting cardiac 
lesion. The case of Thayer^ and possibly also that of Tapie and 
. Riser^ should be added to these. In addition there have been sev- 
eral instances of gonococcemia and endocarditis recovering with a 
valvular deformity. (Silvestrini/ Dieulafoy,® Marfan and Debre,® 
Withington,^ Perry,® Newman.®) 

In view of the paucity of such reported cases, it seems of value 
to report 4 recovered cases of gonococcemia (positive blood cultures) 
occurring in this hospital within the last 2 years. Three of the 
patients are perfectly well; the fourth, reported in detail by New- 
man,® developed a cardiac lesion. 

Wheeler and Cornell*® and Garlock** have each reported a case 
of gonococcemia in which they ascribed recovery to removal of a 
focus of infection. They believed they had eradicated the original 
source of the bacteremia by uterine curettage and salpingectomjL 
In view of these reports it is worthy of note that all of our recoveries 
occurred under conservative therapy and without any radical 
method of treating the source of the infection. 

Case Reports. Case 1. — D. K., white (admitted August 1, 1931; dis- 
cliarged September 19, 1931), a 33-year-old waitress, was well until 2 weeks 
before admission wlien siie developed a sore throat associated vitli slight 
cough, nasal congestion and supraorbital pain. Two days later she aivoke 
with severe abdominal jiain localized to the left lower quadrant, associated 
with a temperature of 104° F. 

There was nasal congestion and injection of the pharjmgeal mucosa. 
Tliore was moderate tenderness and resistance in the lower abdomen. 
Pelvic examination revealed a soft, tender, fluctuating mass behind tlie 
uterus. ^The blood pressure was 102/68; hemoglobin, 70%; blood leuko- 
cytes, 17,000 (poljnnorphonuclears, 90%; ljTnphocjd;es, 8; monocytes, 2); 
sedimentation time, 5 minutes. Urethral and cervical smears were negative 
blood Wassermann test was negative. Temperature, 
103.4°_F.; pulse, 120. 

A diagnosis of pelvic abscess was made. A posterior colpotomy was 
pertonned and 23 ounces of odorless, yellow, creamy pus was obtained 
wJiicli was sterile on culture ip routine media. Five days after operation 
the patient develojied joint pains involving the fingers and left elbow. The 
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joints ivere moderately swollen, red and extromelv tender. The patient 
had a chill ; her temperature rose to 104° F. and her pulse to 140 per minute. 
A blood culture taken at this time Avas reported as containing gonococci. 
On the 1.3th postoperative day she developed an acute arthritis of the loft 
sternoclavicular joint. _ There was a faint blowing systolic murmur at the 
apex of the lieart, which later disappeared. The edge of the spleen was 
palpable. A second blood culture, taken Avhen the temperature rvas 
approaching normal, and a blood complement-fixation te.st were both 
reported iregative. After 3 weeks, patient’s temperature Avas normal, her 
joint sjnnptoms gradually subsided on treatment AA-ith Avet dressings, and 
she AA-as referred back to her physician for plij-siotherapy. The patient 
has noAv been folloAA'cd for 2 years, and e.xcept for chronic peh-ic inflam- 
matory disease is aa’cII. 

C.ASE 2.— I. S., AA-liite (admitted Februai^'- 20, 1932; discharged March 27, 
1932), a SO-x^ear-old housewife, cleA>eloped swollen red, painful joints, par- 
ticularly the left knee and right Avrist, 1 month before admission. During 
this period she had intermittent fcA’-er uj) to 102° F., occasional chills, and 
A'omiting. On the day before admission she developed a rash on the arms, 
legs, Ijand-s and feet. The lesions were heralded bj^ a draAAdng sensntioii 
at the site of the lesion, then redness appeared folloAA-ed by a blackisli 
discoloration and A^esicle formation. On the same da}'- she claims to liaA'c 
had about 10 chilis. 

The temperature Avas 103° F.; pulse, 114. The patient appeared acutely 
ill. In the skin of both upper and lower extremities there Avere numerous 
pink and purplish papules, singly and in groups. The older lesions appeared 
bluish-black AA-ith superimposed bullae or pustules. Some of these AA’cre 
dry and covered Avith crusts, A few lesions were situated on the palmar 
aspect of the hands and the plantar aspect of the feet. The right AATi.st, 
hand and fingers Avere the site of an inflammatory process. The fingers 
Avere abnormally Avarm, somcAvhat edematous and tender. The function 
AA’as almost completely inhibited due to the extreme pain on motion of the 
affected joints. Over the left elboAv there aa'os fullness, AA'armth and tender- 
ness, and pain on motion. Aside from the presence of a soft, bloAA’ing sys- 
tolic murmur over the apical region of the heart, the remainder of tiic 
physical examination reA'ealed no abno^nalit 3 ^ The blood pressure was 
313/73. The hemoglobin AA^as G3%; erythrocytes, 4,200,000; leukocytes, 
16,500 (80% poljTnorplionuclears, 13 Ijunphocytes, 4 monocytes, 2 eosino- 
phils). The contents of the bullre Avere of serous nature and free from 
organisms on smear. 

The diagnosis aaais acute general infection (sepsis), infectious arthritis, 
probabi}" gonorrheal. The skin lesions AA'ere interpreted as erythema multi- 
forme, probablj’' of septic origin. 

The temperature ranged betAA'een 101° to 104° Fi for 2 AA’ceks, and then 
gradually returned to normal. The urine Avas normal, as aa'bs a Roentgen 
rav of the chest. No focus of infection could be found in the pelvis. I’lie 
arlliritis Auelded gradually to treatment by Avet dressings and immobiliza- 
tion. Smear of tlm fluid from the left clboAV joint revealed neutrophils 
containing Gram-negatiA'e diplococci. The patient’s luisband admitted 
haA'ing intercourse AAitli lier while lie had a subacute gonorrheal urethritis 
3 months before hospitalization. A gonococcus Avas groAATi from the blood 
stream but only in the fluid media. The blood Wassermann and gono- 
coccus complement-fixation tests AA'crc negative. Roentgen ray of tiic 
right AATist showed absorption of the bone at the intercarpai joint. The 
he.art Avas normal on Roentgen ray and the spfolic murmur disappeared. 
Tlte electrocardiogram shoAA'cd onl 3 ' an inA'crsion of T in Lead III. With 
re.st in iacd, sedatives and the application of a rubber bandage (Bier hyper- 
emia), tlie joints itnproA-ed marked}}'. She Avas given a course of gonococcus 
A-accine intranuiscuiariy, foiloAving which she Avas discharged considerably 
better, afebrile, and shoAAong only some immobility of her joints. FolIoAV-up 
after a year shoAA'S her completely aa'cII. 
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Case 3.— I. D., white (admitted August 28, 1933; discharged October 8, 
1933) a 23-j'ear-old police constable, contracted gonorrheal uretliritis 
4 months before admission. Two weeks before admission^ he developed 
severe pain in the right shoulder and right calf, and generalized aches and 
pains. The next day he suffered pain in the right forearm and left thumb. 
Ten days before admi-ssion he developed severe pain and slight swelhng 
of the joints of the right foot followed by similar sjTOptoms in the left. 
At the same time there was a papular eruption until inflammation of the 
fourth toe of the right foot, and a large area of erythema on the dorsum 
of that foot. His physician made a diagnosis of gonorrheal arthritis and 
he was treated by bed rest and hot applications to the affected joints. 
While the joint pains diminished he suffered marked sweats, fever between 
100° to 103° F., and was unable to walk because of pain. On the daj'^ of 
admission he developed swelling of the uuist and a small erythematous 
area on its dorsal aspect. 

The patient appeared acutely ill. His temperature was 104.4° F., his 
pulse 120 per minute. There were scattered round areas of _ erjd;hema on 
tlie left UTist, left shoulder, right side of neck and chest, thighs and feet. 
There was a large erythematous area over the dorsum of each foot. Both 
feet were moderately swollen and hot. There was distinct tenderness 
over the dorsum of both feet, and pain was referred to this same region on 
pressure or I)y mo\ung the toes. A systolic murmur was heard over the 
apex of the heart; otheruise the examination revealed nothing abnormal. 
The blood pressure rwis 120/80. The leukocytes numbered 30,0^00 (neutro- 
phils 86%, lymphocytes 9, monocytes 5). The sedimentation time was 
30 minutes. The urine was normal. 

Tiie diagnosis was gonococceraia, gonorrheal arthritis. On the day fol- 
lowing admission the cutaneous lesions became more numerous, and in 
several places assumed a hemorrhagic pustular or vesicular character, 
making the diagnosis of gonococccmia more probable as similar lesions 
had been observed in other cases of gonococcal infection. Fluid obtained 
from one of the skin lesions contained polymorphonuclear leukocytes but 
no_ organisms. A tenosjmovitis of the right foot developed, but fluid from 
this region showed no gonococci. The gonococcus complement-fixation 
test was negative. Blood culture revealed gonococci on all of the fluid 
media. Fever lasted 2 weeks and then subsided. The joints were treated 
by wet dressings and gradually improved. The patient also received gono- 
coccus vaccine intramuscularly. After 6 weeks he was able to walk around 
with only slight pain, which was relieved by arch supports. The sedimen- 
tation time was over 2 hours, and patient Avas discharged to receiA^e physio- 
therapy. 

Case 4.* — E. S., AA'hite (admitted January 15, 1932; discharged Febru- 
ary 27, 1932), a 19-3’’ear-old, unmarried girl, had a 4 months’ pregnancy 
terminated bj' A’aginal tamponage 3 months before admission. The next 
daj’ she dcA'eloped seA’ere abdominal pain in the right lower quadrant 
a.«sociated AAith fcA’er of 104° F. One week later a curettage AA’as performed, 
lolloAAing which she had daily chills AAith fever rising to 105° F. In addition 
transfusr^° profuse night SAveats and progressive anemia requiring a 

• undernourished, pale woman, AAnth petechise in the 

right lover conjimcti\"a and clubbing of fingers. The heart AA'as slightly 
enlarged to the left, and a short sj’stolic murmur Avas heard at the apex 
am a nloAnng diastolic murmur to the left of the sternum in the fourth 
m cmjiace. llie spleen Avas felt tAvo fingers beloAV the costal margin. 

CMC cx.aminatiou revealed a slightlj’ patulous eroded cer\'ix AAntli a 
gnimoiis discharge, tliickened adnexa:, and a retroverted and retroflexed 
I crus.. Ihe temperature AA’.as 101.8° F'. and the pulse 128 per minute. 

1 lie urine contained albumin, 2 to 5 erAdhrocytes per high-poAver field, 
uuucrous IcukocA’tcs, and occasional hA’aline and granular casts. The 

* Tin’s case was reported in detail by NcAvman.* 
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hemoglobin was 62%; erythrocj’tes, 4,550,000; leukocytes, 54S0 (S3% neu- 
trophils, 17 % Ijunphocj'tes). Blood pressure, lOS/70. Sedimentation time, 
40 min. Cern’cal smear was negative for gonococci. Blood Wasscmiann 
test, negative. 

The dia^osis was chronic sepsis (postabortion); pehuc thrombophlebitis. 

The patient continued to run a septic course noth frequent chills and 
temperature spiking between 94°_and 103° F., and occasional!}' higher. 
She was given a transfusion for increasing anemia. Fluoroscopj' of the 
heart suggested aortic insufficiency with a mitral lesion. (Tliere was no 
historj' of rheumatism or cardiac ailment preceding the present illness.) 
A diagnosis of subacute bacterial endocarditis was entertained. Two blood 
cultures W'ere reported as positive for gonococci. A third and fourth cul- 
ture W'ere both negative. Gonococcal complement-fixation test was reported 
4-{- 4 days after admission, 2-f just before discharge. After 3 w’ceks the 
temperature returned to normal, spleen receded and urine became normal. 
Follow'-up after 1 year revealed that the patient w'as sj'inptom-free, mar- 
ried and 5 months pregnant. The blood pressure was 124/OS. Cardiac 
examination show'ed the presence of a sj'stolic murmur over the apex and 
a low-pitched diastolic murmur to the left of the sternum. 

Diagnosis. The essential features of these cases, as w’ell as of 
those preWously reported, may be gleaned from Table 1. Certain 
points deserve special comment. As a rule arthritis is present with 
the onset of gonococcemia. A general gonococcal infection may be 
present, however, without a simultaneous arthritis. "l^Tere, as 
in our third case and that of Thayer,- no arthritis w'as present, tlie 
diagnosis becomes more difficult. Sometimes the primary infection 
is already healed and no organisms are found in the genital tract. 
In such cases the history or recovery of the organism from a meta- 
static focus (elbow', Case 2) w'ill establish the nature of the ])riinary 
disease. Blood stream infection is suspected from the general con- 
stitutional sj'mptoms, absent in uncomplicated gonococcal urethri- 
tis, arthritis or salpingitis. The patients are more acutely ill than 
a local infection would warrant. Almost invariably patients have 
chills and high fever, generally of intermittent or remittent char- 
acter, sw'eats, anemia, leukocytosis, increased sedimentation rate. 

Of special significance are the skin lesions which are almost invar- 
iably present. These in themselves are probably not specific for 
gonococcemia, but in conjunction w'ith other evidences of gonorrheal 
Infection are liighly suggestive of a general infection. The lesions 
occur on the extremities, the trunk and occasionally the neck; 
the face is spared. They appear as crops of macules or papules, 
sometimes of hemorrhagic nature. They disappear in 2 or 3 da.vs 
and may recur, hlore suggestive are the vesicular or pustular 
lesions found in Cases 2 and 3 and likewise reported by Jenkins, ’= 
Cabot,^® O’Brien and Bancker,*'‘ and by Filler.* Unlike the cuta- 
neous lesions in other general infections, these contain no organ- 
isms. The association of a recent or active gonorrheal urethritis 
or arthritis with cutaneous lesions in a patient who appears acutely 
ill should lead to a diagnosis of gonococcemia. On this basis, the 
diagnosis w'as made on admission in our most recent case (Case 3) 
before blood cultures were taken. 



Tauli: 1. — Summary or Esskntiai, CuxicAii Features of Recovered Cases of Gonococcemia. 
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^ Once tliis diagnosis or indeed the presence of any general infec- 
tion is suspected, blood cultures should be made until the diagnosis 
is confirmed or discarded. Owing to the fact that the gonococcus 
is a difficult organism to grow, one or two negative blood cultures 
cannot eliminate the possibility of a gonococcemia. Since chills 
and high fever are so frequent in this disease, the most opportune 
time for blood culture is during or just after such an episode. In 
2 of our cases the only positive cultures were obtained after chills 
followed by fever up to 104° F. Cabot" and Rubenstone and 
Israel" specifically mention that their positive cultures were 
obtained after chills. If no chills are observed, positive results 
will be obtained most frequently if blood cultures arc taken imme- 
diately after the temperature has reached a high point, provided 
this attains approximately 104° F. All of our negative cultures 
were obtained when these were taken at temperatures below 103° F. 
It appears that positive blood cultures may be obtained more fre- 
quently in cases of gonococcal infection if the presence of a gono- 
coccemia is suspected, if blood cultures are made more opportunely, 
and if suitable methods for the cultivation of the gonococcus are 
employed. 

The blood culture technique presently employed at the IVIoimt 
Sinai Hospital laboratories was described by Crohn and Shwartz- 
man," Lichtman and Gross, and by the writer." The important 
features are the comparatively large quantity of blood withdrawn 
(21 cc.), the use of both fluid and solid media, and of a variety of 
media differently enriched in order to favor any organism that 
may be encountered. The routine procedure in these laboratories 
is to observe the culture media for at least a week before reporting 
them as sterile. Rarely do gonococci appear before the fourth day. 
Where a gonococcemia is suspected, the original fluid cultures are 
subcultured on ascitic agar even when the smear of the original 
culture is negative. Since organisms grow on the solid media in 
the original cultures only when they are present in large numbers, 
it is probable that in none of our patients were the gonococci 
abundant in the blood stream as they grew only in the fluid 
media. 

Bacteriologic Technique. The presence of gonococci in the Ijlood culture 
media was verified in the following manner; ll'Iion smears revealed Gram- 
negative diplococci vdth the characteristic morphology of the Ncisscrian 
organisms, subcultures were made onto several media as follows: (1)1% 
ascitic-glucose agar (plates and slants); (2) blood agar plates; (.3) liver 
hormone ascitic-fluid 1% agar of pH 6.8 and 7.G (a local modification of 
Huntoon’s bcef-haart hormone); (4) plain agar. The media were moist 
and warm before inoculation of the cultures. 

When colonies with a morphologj’ suspicious of gonococci (see iielow) 
appeared, generallv between 48 and 96 hr., on the liver honuoiie or ascitic 
fluid media or both and failed to grow on the plain agar, tlicse colonies 
were subcultured again on the most favorable media for final identifira- 
tion. Such identification depended upon satisfaction of the final criteria; 
(1) Failure to grow on plain agar media; (2) poor growth on the hhod agar 
jflates; (3) good growth on ascitic-fluid or liver hormone .ascitic-fluid agar; 
(4) characteristic morphologj' of the gonococci, namely, a delicate growth 
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of crayish-white, translucent, very finely granular colonies resembling 
tlewclrops which, on smear stained by Gram’s method, revealed Gram-n^a- 
tivc coffee-bean .shaped diplococci; (5) positive agglutination test, iiic 
serum for agglutination was a polyimlent gonococcal serum prepared by 
Lederle A light suspension of the organisms was employed. Tubes 
were incubated for 24 hr. at 37° C. Controls of agglutination were run 
with polyvalent New York Board of Health antimeningococcus serum. 
A positive result consisted in agglutination of the gonococci up to 1 to 320 
with a lower or equal (but not higher) agglutination titer ivith the anti- 
mcningococcus serum. 

Wheeler and Cornelh'’ have distinguished two types of cases of 
gonococcemia; those which have consistently positive and those 
with intermittently positive blood cultures. The former are said 
to occur in patients with endocarditis and indicate the more serious 
prognosis. In our experience, blood cultures have been equally 
intermittent in those cases that recovered and those that resulted 
fatally because of a gonococcal endocarditis. We believe the time 
and method of making the blood culture are more significant in 
determining the bacteriologic findings in gonococcemia than the 
added presence of endocarditis. 

Having established the presence of gonococcal bacteremia, I 
believe we can predict the outcome with a high degree of accuracy. 
Thayer*® and others have shown that those patients with a general 
infection due to the gonococcus, w'ho succumb, almost invariably 
have a complicating gonococcal endocarditis. The prognosis there- 
fore depends upon the presence or absence of endocarditis. This 
can be determined on clinical features alone, without consideration 
of bacteriologic findings. While, in general, blood cultures may be 
obtained more consistently in cases w'ith endocarditis, even in these 
the bacteremia is essentially an intermittent one and, as we have 
mentioned, positive blood cultui’es occurred irregularly even in our 
fatal cases wdth endocarditis. 

.'Vccording to generally accepted studies, fever, chills, anemia and 
other constitutional reactions are present in general infections 
whether a patient has endocarditis or not. The other symptoms, 
which may be termed specific ones, are definitely referable to endo- 
cardial involvement. These specific symptoms consist essentially 
of embolic phenomena and alterations in heart sounds.®® Under 
embolic phenomena, we do not include the cutaneous lesions 
already mentioned, since these lesions are free from organisms and 
tlieir origin is not necessarily from vegetations on the heart valves. 
White centered petechiaj, when present, are very suggestive of 
bacterial eiiclocarditis, but they may occur in other conditions. 
IMore significant is the occurrence of embolization with infarction 
of various organs. Embolization is revealed by occlusion of an 
artery of an extremity, by hematuria and other renal s\inptoms, 
hemoptysis and chest pain (due to pulmonary infarction), sudden 
sharp pain in the left hypochondrium or shoulder (splenic infarction 
ami ])eris])lenitis), and occasionally hemiplegias. Some of these 
.'symptoms arc, of course, not conclusive of embolization. IHorc 
direct evidence of endocarditis is found in the sudden development 
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and alteration of murmurs. A glance at Table 1 mil indicate that 
a transitory systolic murmur is a frequent occurrence in gonococ- 
cemia even in recovered cases wdthout endocarditis. For this 
reason, significance can be attached only to diastolic murmurs, 
not pre\iously present, which develop in the course of the bac- 
teremia and which remain persistently. Such occurrence in the 
course of gonococcemia is liighly suggestive of the presence of 
bacterial vegetations on the heart valves. Case 4 in my series 
developed such a murmur, as well as white centered petechire and 
evidence of nephritis. While this case and a few other similar 
recoveries mth endocarditis have been reported, the diagnosis of 
gonococcic endocarditis should lead generally to a hopeless prog- 
nosis. Conversely the absence of sj’inptoms of endocarditis points 
almost invariably to a favorable prognosis. 

Summary. 1. Four cases of gonococcemia are reported in whom 
recovery occurred under conservative therapy. 

2. Careful clinical observation and the employment of adequate 
blood culture technique may lead to the more frequent diagnosis of 
this condition. 

3. In the cases thus far reported, recovery generally occurred if 
there was no complicating gonococcal endocarditis. The latter is 
recognized by the presence of embolic phenomena and the develop- 
ment of persistent diastolic murmurs, 
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Erratum, 

In the July issue of the American Journal of the Medical Sciences, on Pago 91. 
Line 4, the sentence should rend, "The spleen was examined for korasin by Dr. John 
G. Rci’nhold and was found to contain that substance in the proportion of 6,02% of 
the dried spleen.” 
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Alleboy in General Practice. By_ Sajiuel M. Feinberg,_ M.D., 
F A C.P., Assistant Professor of Medicine and Attending Ph 3 '’Sician in 
Astlima and Hay Fever Clinic, Northwestern University Medical School; 
Professor of Medicine in the Cook County Graduate School of Medicine; 
Attending Physician, Cook County Hospital, Chicago. Pp. 339; 23 
illustrations and a colored plate. Philadelphia; Lea & Febiger, 1934. 
Price, S4.50. 

Probably' 1 person in every 7 is hypersensitive to some foreign substance 
and is, therefore, a potential sufferer from one or more of the many clinical 
manifestations of allergy. The problem of diagnosis and management, 
therefore, occurs very frequently in the experience of the physician. To 
afford the practitioner an opportunity to inform himself on the subject, the 
author set himself tlie task of preparing a text sufficient for practical 
purposes, and yet not as exhaustive as the existing complete Yvorks for 
special students in the field. He has on the whole achieved his objective 
fairly Yvell, in spite of the pardonable tendency of the enthusiast at times 
to go unnecessarily into detail, and a certain prolixity of style. The 
practitioner will find the book useful and instructive. R. K. 


Pharmacology and Therapeutics. By Arthur R. Cushny, M.A., M.D,, 
LL.D., F.R.S., Late Professor of Materia Medica and Pharmacology in 
the University of Edinburgh. Tenth edition, thoroughly revised by 
C. W. Edmunds, A.B., M.D., Professor of Materia Medica and Therapeu- 
tics in the University of Michigan, Ann Arbor, and J. A. Gunn, M.A., 
M.D., D.Sc., Professor of Pharmacology in the University of Oxford, 
Ox'ford, England. Pp. 786; 75 illustrations. Philadelphia: Lea & 
Febiger, 1934. Price, S0.50. 

The classic textbook in its field, this “first severely critical rigorously 
scientific general text-book to be "mritten in English by an experimental 
pharmacologist” has maintained its popularity for a third of a century. 
This, the second edition to be published since Cuslmy’s death, contains a 
biographical note, “lest an oncoming generation .... may forget that 
the Man was greater tlian the Book.” The appearance of the British Phar- 
macopoeia of 1932 has required extensive revisions. The growth of construc- 
tive pliannacolo^’’ js recognized by the inclusion of extensive additions, 
though many omissions indicate the continuing importance of its destruc- 
tive and critical function. E. K. 


Hypertension and Nephritis. By Arthur M. Fibhberg, Associate 
1 rofe.^or to BeUi Israel Hospital; Associate in Medicine, Mount Sinai 
Hosintal, New l ork City. Pp. GG8; 39 illustrations and 1 colored plate, 
ilnrd edition, thorouglilj' revised. Philadelphia: Lea & Febiger, 1934. 

^ JTlCCj <*<G»oO» 

volume of a standard work has been extensivelj' revised. 
1 he general arrangement of the subject matter is logical and well presented, 
tlie style is readable, and tlie illustrations are well chosen. The book 
can warmly be recommended as a thoroughly reliable and modern guide to 
a group of common and important diseases. B. L. 
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Obstetric Medicine. Edited by Fred L. Adair, M,A., M.D., F.A.C.S., 
Mrej’’ Campau Rj^erson Professor of Obstetrics and Gynecologj', etc., 
and Edward J._ Stteglitz, M.S., AI.D., F.A.C.P., /Assistant Clinical 
Professor of Sledicine, Rush Aledical College of the University of Chicago, 
etc. Pp. 743; 24 iUustrations and 2 colored plates. Le.a & Febiger: 
Philadelphia, 1934. Price, .SS.OO. 


Tins volume, edited by an obstetrician and an internist, brings before us 
the ^dews of a group of 39 distin^ished contributors regarding tlie relation 
of pregnapc}’- to the commoner diseases which may appear as complications, 
or in which the pregnancy maj'' be an intercurrent happening. The 12 
sections include not only a discussion of medical conditions but also asso- 
ciated diseases of the ej'-e and the skin, and disorders of body mechanics. 

The first section considers physiolog}’ of pregnancy, physical diagnosis as 
influenced by ' ■ ■ . . ’ oharmacologj' as limited by pregnancy. 

Under the title . ■ , the relationship of heredity and intra- 

uterine development to subsequent events is brought out, with a discussion 
of the laws of eugenics and euthenics. The text proceeds through sucli 
infectious diseases as tuberculosis and the venereal diseases, and the conta- 
gious tropical and parasitic diseases. Following this are e.xcellent discussions 
of avitaminoses, the lesions of the nervous system, disorders of the respira- 
torj' tract, the diagnosis and management of heart disease, and diseases of 
the arteries. 

In the section on disorders of the alimentary tract, well considered dis- 
cussion of dental lesions and an able section on appendicitis during preg- 
nancy. The chapter on diseases of the kidneys includes a new and logical 
classification of nephritis in pregnancy with details of the most dependable 
function tests. Illustrative case histories add much to the discussion of 
this section. The surgical conditions of the urological tract are fully dis- 
cussed. 

In the important section on disorders of the endocrine balance, the autliors 
stress the thyroid and ovary, constitutional types and diabetes mellitus. 
The section on disorders of the blood is a very complete recapitulation of 
the blood dykrasias in relation to pregnancy; metliods of blood study arc 
detailed with explanations of findings. Therapy is fullj' considered. The 
final sections deal Mth the diseases of the skin, orthopedic coriiplications 
and herniations. 

In this unusual book the specialist in either medicine or obstetrics vdll 
find much of value in the thorough manner in which the subjects have been 
handled. Such a coordination of diagnosis and treatment of various patho- 
logic states complicating a normal physiologic process should be of extreme 
value to the general practitioner who may not have available consultants 
in many various branches. , P. W. 


Chronic N.asal Sinusitis and Its Red-ation to General Medicine. 
By P.ATRiCK W.atson-Williams, M.D., Hon. Consulting Surgeon in 
Diseases of the Ear, Nose and Throat, Bristol Royal Infirmary, etc. 
With a Foreword by Sir Hu.mphrev D.avy Rolleston, Bart., G.G.V.O., 
K.C.B., Phj'sician Extraordinary to H. M. the IQng; Emeritus Regius 
Professor of Physics, Cambridge. Pp. 262; 123 illustrations. Second 
edition. Baltimore; William Wood & Co., 1933. Price, S5.00. 
Although this volume has as its purpose the elaboration of the author’s 
exploral-suction technique in the diagnosis of nasal sinusitis, an attemjit 
is also made to trace the processes of focal sepsis and to outline tlie .s.vstemic 
effects of nasal sinus infections. The account of the pathogenesis of the 
SA'stemic toxemias and secondarj' infections due to clironic nasal sinusitis 
ivill interest the student of general medicine quite as much as the rhinolo- 
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cist Numerous clinical examples, interspersed throughout the mono- 
grapli clarify the arguments and will hold the attention of the practical 
clinician. Reiteration of exploral-suction technique seems highly desirable 
in view of the practicability of evaluating the status of every sinus and 
obtaining adequate cytologic study. The section on endorhinoscopj^ will 
offer little to rhinologists in this countiy, where the procedure has been 
generally employed for some time, but will offer the beginner an excellent 
expose of the utility of this instrument. A position of conservatism is 
maintained in regard to sinus surgery, and the conclusions concerning the 
efhciency and preferability of pemasal operations seem justified. The use 
of photomicrographs and plates prepared from anatomical material enhances 
the text. The volume will prove stimulating reading to the rhinologist 
mainly because the author has a somewhat fresh view of the commonplaces 
of rhinologj'. H. S. 


A System op Clinical Medicine. By Thomas Dixon Bavill, M.D. 
(Bond.). Edited by Agnes Savill, M.D., assisted by E. C. W-arner, 
M.D. Pp. 10G3; 1G2 illustrations. Ninth edition. Baltimore; William 
Wood & Go., 1933. Price, S9.00. 

This book differs from other textbooks of medicine in the manner of 
its approach to the subject. Instead of a scries of descriptions of disease 
pictures, the presentation is from the standpoint of what the physician 
finds at the bedside, c. g., acute abdominal pain; its possible causes.^ That 
the work has reached its 9th edition is ample proof of its popularity and 
.usefulness. Seventeen authors have contributed to the volume. 

R. K. 


Red Medicine: Socalized Health in Soviet Russia. By Sin AnTiiun 
Newsuolme, K.C.B., M.D., formerl)'^ Principal Medical Officer of tlio 
IaicjiI Government Board of ISngland and Wales, and John Adams 
Kingsbury, LL.D., Secretarj’^ of the Milbank Memorial Fund, formerly 
Commissioner of Puldic Charities, City of Neiv York. Pp. 324; illus- 
trated. Garden City, N. Y.: Doubleday, Doran & Co., Inc., 1933. 
Price, S2.o0. 

An extremely interesting description of what Soviet medical practice 
aspire.s to be, and, more especially, what it nmuld like the rest of the world 
to believe that it now is. For the material here presented is what the 
authors (neither of whom speaks Russian) were shown, or told, in the 
course of their Russian tour which lasted a month and was in considerable 
[lart spent in travelling 9000 miles. The reader should bear this in mind 
lest lie be misled into unwarranted conclusions by a presentation that is 
very well and plausibly made. In aity event, all readers, medical and 
laj', will find here much food for thought. R. K. 


E^entials of FIedical Electricity. By Elkin P. Cu.mberbatch, 
M..\., B.M. (OxoN.), D.M.R.E. (Cams.), M.R.C.P., Medical Officer in 
Uia^e, Electrical Department, and Lecturer on Medical Electricity, 
M. Bartholomew’s Hospital, etc. Pp. oOS; 132 illustrations and 15 
pj.ates. boventh edition revised and enlarged. London: Henry 
Kunpton, 1933. Price, 10/6. 

T HIS edition, clearly dc.«cribing the fundamental theoretical and practical 
apiilications of medical electricity, should he a valuable reference to teacliers 
of plij-.'-ics, c.spceially in course.'s designed for pre-medieal student.s. The 
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different electrical circuits are well illustrated by diagrams followed Ijy 
pictures of different types of electrical apparatus. 

The former chapter on high freciuenc3' and diatliermj" has been expanded 
to 7 chapters. No mention is made of the “inductotherm,” a new electri- 
cal apparatus for producing artificial fever wthout electrode.?. The 
practical application of different electrical circuits in various forms of 
treatment is developed in detail \\ith frequent illustrations. The illus- 
trations of the motor points of the muscles of the body should be useful in 
the application of electrical currents. J. W. 


The Lyophilic Colloids. (Theib Theory and Practice.) Bj' Martin 
H. Fischer, Professor of Physiology in the University of Cincinnati, and 
jMari.an 0. Hooker, Research Associate in Physiologj' in the University 
of Cincinnati, Pp. 246; S4 illustrations. Springfield, 111.: Charles C 
Thomas, 1933. Price, S4.50. 

The uTiters have for raanj’’ years been engaged in the study of colloidal 
phenomena and their application to lixdng matter. They discuss the general 
nature of tyophilic colloids, chemical application, and biological application. 
It is the aim of the work to explain “why biologists have not been able to 
rediscover, in lining matter, the laws particularly of the physical cliemists; 
and also whj-^ another point of xnew is due in chemistrj' if we would under- 
stand a host of problems of the existence of wliich, but not the solution of 
wliich, the workers in pure or applied chemistry have long been cognizant.” 
It is only fair to point out that much of the matter discussed is controversial. 
Some of the authors’ \dews are not generally shared. This is precisely the 
reason wh}’’ the interested reader rsull find it of profit to have the work of 
Fischer and Hooker so conveniently presented in book fbrm, 

B. L. 


Physical Chemistry op Lpi'ing Tissues and Life Processes. As Studied 
BY Artificial Imit.ation at Their Single Phases. By R. Beutner, 
IM.D., Ph-D., Professor of Pharmacology, School of Medicine, University 
of Louisville. Pp. 337; 79 illustrations. Baltimore: The WUliams & 
Wilkins Company, 1933. Price, $5.00. 

The object of this work is expressed in the subtitle. The author has 
collected the very extensive literature that bears on the artificial imitation 
of life processes. There are discussed artificial models which reproduce 
certain phenomena peculiar to Ihdng organisms; the physical laws of such 
models ; and the application of these laws to biological problems. The work 
is divided into several sections: Life as a scientific problem; membranes, 
osmosis and related forces; life processes related to crystallization or due 
to surface force; electrical currents in tissues and their relation to life proc- 
esses; the outlook to future possibilities. It is no sense a textbook, but 
rather a reference work and one wliich mIU stimulate thought and the imagi- 
nation. 


Bergey’s M.\nual op Determinattoe Bacteriology. By David H. 
Bergey, Formerly of the University of Pennsylvania, Philadelphia. 
Assisted by a Committee of the Society of American Bacteriologists, 
With an Index by Robert S. Breed, New York Agricultural Experiment 
Station. Pp. 664. Fourth edition. Baltimore: The Williams & 
Wilkins Company, 1934. Price, .$6.00. 

The fourth edition in 12 years, this includes the advances made since 
1930. Two new genera have been recognized— -Brucella and Listerclla, and 
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PfciffcrcIIa and Actinobacillus have been comlnned. Fifty new species are 
included and several omitted, as synonjmious with other species. _ u itli 
100 pages added, this new edition would seem indispensable to bactenologic 
laboratories. 


Diet in Sinus Infections and Coeds. By Egon V. Ueeman, M.D., 
Formerly Special Lecturer for Biologj' at the Oregon State College, 
Instructor at the First Medical Clinic at the University of Vienna, etc. 
Recipes and Menus by Eliza Mez. Pp. 166. New York; The Mac- 
millan Company, 1933. Price, S2.00. 

Denying the major role of an infectious agent, the author propounds 
the view that dietetic error is the essential cause of colds. (Yet in tlie title 
he speaks of sinus mfecUnns!) Cure and prevention by salt-low, alkaline, 
fruit-juice, vegetable-juice, back-to-nature diets are jireached with the 
usual fervor — and paucity of proof — of the diet enthusiast. R. K. 


Chinese Medicine. By William R. Morse, M.D., LL.D., F.A.C.S. 

Vol. XI of Clio Medica. Pp. 18.5; 20 illustrations. New York: Paul 

B. Hoeber, Inc., 1934. Price, 82.50. 

This is more than a history of Chinese medicine; it is also a sympathetic 
and informing account of Chinese philosophy, perhaps the most grotesque 
and most difficult to comprehend of any of the world’s philosophies. Start- 
ing in the remote past with a dualistic conception of the universe, China’s 
philosophy has developed in a maze of involved abstract speculation 
utterly foreign to the Western mind which has its roots in the sane and 
critical philosophy of the Greeks. The peculiar type of intensive specu- 
lation in which the Chinese have indulged for nearly three millenia has 
undoubtedly retarded the Chinese in a material direction. On the other 
hand, it has produced a peculiarly high moral dignity that has impressed 
all foreigners who have come in contact with educated Chinamen. Two 
different persons, one a medical missionary, one a novelist, told the Reviewer 
that in the presence of high-bred Chinese they e.vperienced a distinct and 
uncomfortable sense of racial inferiority, a feeling that no European or 
American had ever given them. 

Tiie book deals interestingly with Chinese anatomy, iihysiology, diagnosis, 
based almost e.vclusively on the pulse, with materia medica, with the prac- 
tice of medicine and surgery. The drugs used by the Chinese are like 
those employed in Europe during the Middle Ages; a few, such as Ma. Huang 
(ephedrin), have definite value. 

It has been claimed by the Chinese that they discovered the circulation 
of the blood over 2000 years before Harvej’-, but the statement probably 
rci)re.sents nothing more than a poetic figure of speech. A number of 
characteristic illustrations and a long bibliography enhance the value of 
this interesting addition to Clio Aledica. D. R. 


Ailas of R.athological Anatomy, Vol. 1. Compiled by E. K. FIartin, 
F'R.C.S. Pp. 4S9, mostly illustrations, many colored. Baltimore; 

B illiani Wood A Co., 1933. Price, .815.00. 

This first volume of the Atlas of Pathological Anatomj" comprises the 
dra\vin|p_of pathological specimens which have appeared as a supplement 
to the Bntph .lounial of Surgerj- during the years 1926 to 1930. 

As the title indicates, the main feature of the book lies in the illustra- 
tions, which have been drawm from surgical specimens removed at operation 
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as well as aiitopsj' material. The specimens have been selected from the 
Hunterian Muscujn of the Royal College of Surgeons and several of the 
better knovTi British university medical museums. This first volume treats 
of tumors and inflammations of bone, and diseases of the stomach, breast, 
kidney, gall bladder and bile ducts. 

The usual tendency in works of this type is to lay too much stress on the 
rare and the unusual and it is to the credit of the author that he has included 
only tJ^Dical examples of the more common lesions, a fact whicli, especially 
for teaching purposes, greatlj’ enhances the value of the book. 

There are over 250 plates in the book, of which about half are in color. 
The majority are of gross specimens, the remainder showing tj’pical micro- 
scopic fields. The color plates are unusually well done and give an excellent 
idea of the tissues as they appeared during life. The specimens illustrated 
indicate careful selection from a wealth of material. Especially noteworthy 
are the illustrations of the kidnej^ and the inflammatorj’’ lesions of bone. 
Each plate is accompanied by a concise note on the clinical history, gross 
appearance and microscopic structure. 

There can be no question that this Atlas should be of practical use to the 
surgeon who so often must base his judgment and form an opinion solely on 
the gross morbid appearance of the lesion as it confronts him at operation. 
Certainly also the Atlas would be a valuable addition to the teaching equip- 
ment of any medical school. It is planned to continue publication of the 
Atlas until it includes all of the typical lesions that can profitably be illus- 
trated by drawings of museum specimens. N. McL. 


The Greek Herbau of Dioscorides. Illustrated by a Byzantine A.D. 
512; Englished by John Goody’er A.D. 1655; Edited and First Printed 
A.D. 1933 by Robert T. Gunther, M.A., Hon. LL.D. Pp. 701; 396 
illustrations. Oxford; For author at University Press, 1934. Price, 
£3, 3s. 

Strange as it may seem, there has never before been published an 
English translation of this most famous of all Herbals— in fact no English 
translation was even made until the Greek text with interlinear English 
was VTitten out by the famous botanist John Goodj'cr between 1652 and 
1655. It is interesting to speculate what the effect on Gerard, Parkinson 
and the other English herbalists would have been if this translation had 
the good fortune of Philemon Holland’s Pliny and other classical transla- 
tions. The present work practically represents Goodyer’s translation, 
the manuscript of which had rested \Hth his botanical library in oblivion 
in Magdalen College. The interest attaching to this celebrated “Greek 
work of the first century as understood in Hampshire in the sixteenth” 
is further satisfied by the reproductions of numerous botanical illustra- 
tions done bv a Byzantine artist of about 512 A.D. And yet it seems that 
its chief value rests in now having a Dioscorides available in the vulgar 
tongue. E. K. 


The Harvey Lectures, 1932-1933. Series 28. By various contribu- 
tor.s. Edited by Dr. Edgar Stii.i,m.vn. Delivered under the auspices 
of The Harvey Society of New York. Pp. 233; illustrated. Baltimore: 
The Williams & Willdns Company, 1934. Price, .$4.00. 

The high level of this well knomi series is maintained by the following 
articles: Tlie Constitutional Principle in Clinical Medicine, by Julius 
Bauer; Similarities Between Diseases of the Vegetable Kingdom and Tliose 
of i\Ian and Animals, by L. 0. Kunkel; The Nature of the Menstrual Cycle, 
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bv George W. Corner; Dyspituitarism: Twenty Years Later, by Harvey 
Cushing; Tlie Oxidation of Hemoglobin and Other Respiratory Pigments 
by James B. Conant; Contributions of Chemistry to the Knowledge of 
Immune Processes, by Michael Heidelberger; Recent Biochemical Studies 
of Liver Function, by J. C. Drummone; Humoral Transmission of Nervous 
Impulses, by Otto Loevi. , 


Japanese Medicine. By Y. Fujikawa, M.D. Translated by John 
liuiiiiAn, M.D. Vol. XII of Clio Medica. Pp. 114; 8 illustrations. New 
York: Paul B. Hoeber, Inc., 1934. Price, S1.50. 

If one reads a program of a meeting of the Japanese Society of Internal 
Medicine and, if at the same time the names of the participants are covered 
over, one would conclude that the program represented the most dis- 
tinguished German, English or American medical gathering. And yet it 
is onlj' about a hundred years, according to Fujikawa’s interesting book 
on .iapanese medicine, that Dr. Philipp Franz Siebold introduced German 
medicine into Nippon. There had been some contact with Dutch physi- 
cians in the latter part of the eighteenth century and Ryotaku Mayeno 
about 1770 began by himself to study the Dutch language, using several 
Dutcli medical works and a dictionary. He mastered the lan^age com- 
pletely and with several coworkers brouglit out, under the title Kaitai 
Sliinsho, a translation of the Anatomy of Johan Kulmus. Subsequently 
the translators with some others formed the so-called Rangaku, which 
means the Science of Holland (Ran, an abbreviation for Holland, -and 
Gaku, Science). This school became the basis of the development of 
European science in Japan. After the Franco-Prussian War a number of 
German military officers came to Japan and organized medical teaching 
on the German model. To this day the German influence is paramount 
and much of the work of the native physicians is published in German, 
some in English. 

The whole development of Japanese medicine from its beginning as an 
ofTspring of Chinese medicine to its high state of the present daj' is dis- 
cussed concisely in Fujikawa’s book, which the excellent translation by 
Dr. Ruhrah makes very readable. A final chapter, by Amano, deals with 
the work of such men as Shiga, Takamine, Kitasato, Yamagiwa, Noguclii, 
Hata and others whose names are known throughout the civilized world. 

WJien one contemplates all that the Japanese have accomplished, espe- 
cia]l 3 ’ since Commodore Perr 3 '’s visit in 1854, one can understand their 
pride and their utter unwillingness to take second place to any other nation. 

D. R. 


1 HE AIam.maeian Red Cell and the Properties of Hemolytic Systems. 

Bj' Eric^Ponder, Washington Square College, New York Unii'ersity. 

Pj). 311; 52 illustrations. Berlin: Gebriider Born traeger, 1934. Price, 

Rm. 22.50. 

1 HIS monograph, of great value for those cultivating the several fields 
of licinatology, has the special advantage of dealing onlj’’ with those topics 
in whicli the author has liad extensive experince. Thus while the develop- 
ment of the erj'tlirocjde, its role in respiration and the chemistry of hemo- 
globin are not included, the reader has the satisfaction of knowing tliat tlie 
treatment of such matters as tlie numbers, size, shape, structure, permeaiiil- 
it.v of the e^’throcj-te, and its behavior during hemolysis reflects not only 
comprchension but also largely' the results of important original contribu- 
tions. I'jvcn with this self-imposed limitation, however, exteii.sive reference 
lias been required, two or more of the ten chapters apparentlj’ being entire!}' 
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composed in this way. Any 3 'et incomplete consideration of the literature 
is the greatest fault to be found with^ this admirable work. Tliroughout, 
the treatment is as mathematical as is possible with a biological subject 
containing an unknoum but considerable number of variables. Though 
not conducive to "light reading” or to immediate practical results (neither 
of which goals was sought for), it furnishes for the first time a firm basis for 
future comparisons and advances. The treatment of the general factors 
underlying cell Ij^sis and their special application to the erythroc 5 ’’te will 
be found especiallj- illuminating. E. K. 


The Medicolegal Necropsy. A Symposium held at the Twelfth Annual 
■Convention of the American Societ 3 '^ of Clinical Pathologists at Milwau- 
kee, Wisconsin, June 9, 1933. Edited for the Society by Thomas B. 
Mag.ath, The Mayo Clinic, Rochester. Pp. 167; 63 illustrations. Balti- 
more: The Williams & Wilkins Company, 1934. Price, S2.50. 
Medicolegal Patholog}^ in this country suffers from the diversit}' of 
laws on the subject in the individual states, and a consequent lack of 
familiarity with its details on the part of medical men. The 1933 symposium 
of the American Society of Clinical Pathologists (reprinted here from the 
American Journal of Clinical Pathology) should go far in remedying several 
aspects .of this defect. Schultz’s e.\’position of our medical-legal system 
(which might well have been longer) offers strong arguments for the, replace- 
ment of the archaic, pernicious Coroner’s office b 3 ' the Medical Examiner. 
The special features of a medicolegal autops 3 % its to.\icolog 3 ', and charac- 
teristic findings are abl 3 ’', if at times gruesomely, presented. E. K, 


Modern Clinical Syphilology. By John H. Stokes, M.D., Duhring 
Professor of Dermatolog 3 ' and Syphilology in the School of Medicine, 
University of Penns 3 'lvania, and Professor of Dermatology-Syphilology 
in the Graduate School, etc., with ten collaborators. Pp. 1400; 973 
illustrations. Second edition, revised and entirely reset. Philadelphia; 
W. B. Saunders Company, 1934. Price, 812.00. 

The tremendous accumulation of new material in this field has required 
extensive changes and additions, a revision which the author’s connection 
with the American Syphilis Investigation has peculiarly fitted him to per- 
form. Of the original 23 chapters, 15 have been rewritten and a new chapter 
on relapse and progression added. Fundamental principles and practical 
applications of diagnosis and treatment receive equal attention; nor is 
visceral or neural syphilis neglected. The present book is even more val- 
uable than its first edition. (For ReAuew see Am. J. l\Ied. Sci., 174, 705, 
1927.) E. K. 


Medicine. A Voyage of Discovery. By Josef Lobel, M.D. Trans- 
lated from the German by L. Marie Sieveking and Ian F. D. Morrow. 
Pp. 334. New York: Farrar & Rinehart, Inc., 1934. Price, 83.00. 

A VERY readable, instructive and non-technical approach to the subject 
of medicine presented in 16 chapters, from the point of view of the historical 
development of its various branches, such as Anatomy, Pathology, Surgery, 
Theor 3 ' of Constitution, Ps 3 ^choanal 5 'sis and so on. Yet the various “ ports of 
call” on the vo 3 nge are so well introduced by the opening chapters on 
medicine and bio'log 3 ^ and so closely wielded together that the unity of medi- 
cine becomes apparent, whether to “intelligent la 3 Tnan” reader or the 
medical student or the busy doctor wishing to get a desirable background 
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for his life work By an unfortunate translator’s error, the word “ typhoid ” 
is regularly rendered “typhus,” doubtless due to the German ambiguity on 
this point. 


Eauly Forerunners of Man. A Morphological Study of the Evolutionary 
Origin of the Primates. Bv W. E. Lb Gros Ceark, D.Sc. (Lond.), 
F.R.C.S. (Eng.), Profe-ssor Elect of Anatomy, University of Oxford; 
Professor of Anatomy in the University of London, ete. Pp. 296; 89 
illustrations. Baltimore: AVilliain AVood & Co., 1934. Price, .S5.00. 
This book seeks to study hlan’s phylogenetic origin, by visualizing the 
evolutionhn^ development of the whole grouj) of Primates. By noting and 
following up the trends manifest in the early generalized Primates, light is 
throATO on the particular trends of Man’s evolution— a more valuable 
method tlian comparison with existing primates, which are all terminal 
products of evolutionary lines. The evidence furnished by the skull, teeth, 
limbs, brain and so on, methodically presented, should be of especial value 
to students of comparative anatomy and phjAsical anthropologj’’; to the 
general reader the cha])tcrs on the space and time distribution of the 
primates and their evolutionary radiations should be of most interest. ^ 


The Anaemias. By Janet M. Vaughan, D.M. Onon., M.R.C.P. (Lond.), 
Beit Memorial Fellow, The Bernhard Baron Institute of Pathologj', The 
London Hospital, etc. With Notes on Normal and Pathological Erj'thro- 
poiesis by Hurert M. Turnuuee, D.M. Oxon., F.R.C.P. Lond., Di- 
rector of The Benhard Baron Institute of the London Hospital. Pp. 248; 
24 illustrations. New York: O.xford University Press, 1934. Price, 
84.00. 

The extensive and productive activity in hematologic studies of the past 
decade has resulted in a greatly increased outimt not onb' of original 
articles but also of monographic reviews and “present statuses” and here 
we have just one more. Too short to be a coraiilete statement (and its 350 
references are admittedly incomplete and really inadequate), this booklet 
aims to review the clinical as well as the hematologic aspects of the 49 
types of anemia included in the classification. In each tjiie is considered 
etiology, symptoms, pathologic anatomy, differential diagnosis and treat- 
ment. Practical considerations and red cell diameters arc stressed through- 
out, and the most recent literature is included. More important earlier 
literature is thus sometimes crowded out. Misstatements and generalb' 
discarded concepts are few, but one is surprised to find avoirdupois weights 
mi.xed uith other metric measurements. Clearly expressed, wth a more 
than average accuracy, this volume should be useful for tlic jiractitioner 
who wishes to keep up to date in hematologjE E. K. 


NEW BOOKS. 

International Clinics, Vol. 2, Forty-fourth Series, 1934. Edited by Louis 
Hamman, M.D., Visiting Physician, Johns Hopkins Hospital, Baltimore, 
with fourteen collaborators. Pp. 317; illustrated. Philadelphia: J. B. 
Lippincott Company, 1934. (Price not given.) 

A very interesting number, reflecting a truly international list of authors -wrriting on 
important topics. • 

Diediatetische Behandlung der Allergic bei inneren Erkrankungen. By Dr. 
Carl Funck, Chefarat der Abteilung fiir Allergic und Ernahrungs- 
krankheiten am Elisabeth-ILrankenhaus Koln-Hohenlind. Pp. 92. 
Leipzig: Johann Ambrosius Barth, 1934. Price, Rm. 2.40. 
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The Mammalian Red Cell and the Properties of Hamwhjlic Systems. By 
Eric Ponder, Washington Square College, New York University. Pp. 
311; 52 illustrations. Berlin: Gebriider Borntraeger, 1934. Price, 
Rm. 22.50. (Re%uew, p. 285.) 

The Medical Clinics of North America, Vohme 17, No. 6 (Chicago Nmnber— 
May, 1934) • Index Volume. Pp. 266; 38 illustrations. Philadelpliia; 
W. B. Saunders Company, 1934. 

Lettsom. His Life, Times, Friends and Descendants, Bj^ J.a.mes Johnston 
Abrahasi. Pp. 498; illustrated. London: William Heinemann, Ltd., 
Price, 30/-net. 

Electrokinetic Phenomena and Their Application to Biology and Medicine, 
By Harold A. Abr.amson, M.D. Pp. 331; 106 illustrations. New 
York: The Chemical Catalog Company, Inc., 1934. Price, 87.50. 

The Anosmias. _ By Janet M. Vaughan, D.M. (Oxon.), M.R.C.P. (Lond.), 
Beit Memorial Fellow, The Bernhard Baron Institute of Pathology, The 
London Hospital, etc. With Notes on Normal and Pathologic Erj’tlu-o- 
poiesis, by Hubert M. Turnbull, D.M. (O.xon.), F.R.C.P. (Lond.), 
Director of the Bernhard Baron Institute of The London Hospital. Pp. 
248; 24 illustrations. Price, 84.00. (Re^w, p. 287.) 

Early Forerunners of Man. A Morphological Study of the Evolutionary 
Origin of the Primates. By W. E. Le Gros Cl-AlRk, D.Sc. (Lond.), 
F.R.C.S. (Eng.), Professor Elect of Anatomy, University of Oxford; 
Professor of Anatomy in the University of London, etc. Pp. 296; 89 
illustrations. Price, 85.00. (Review, p. 287.) 

Die TFeH'c des Hippokrates. Part 1. Sitten- und Standeslehre fiir Arzte 
(Price, Rm. 2.80); Part 2, Die AJtbewahrte Kunst / jDie Kmist. (Price, 
Rm. 3.) Pp. 59 each. Stuttgart: HippokratesAYrlag G. IM. B. H., 
1934. (To be published in 25 parts costing ca Rm. 100, card binding). 

Le Barhilxirisme Aigu el Ics Antidotismes Gardcnal: Strychnine, Coramine, 
Alcool. From the Medical Clinic of the Hospital of St.-Sauveur a Lille. 
By G. Carriehe, Professeur de Clinique M^dicale, CiuVude Huriez, 
Chef de Clinique M(Sdicale, and P. Willoouet. Pp. 164; illustrated. 
Lille: A. Durant, 1934. Price, 30 frs. 

The Management of Fractures, Dislocations, and Sprains. By John Albert 
Key, B.S., M.D., Clinical Professor of Orthopedic Surgery, Washington 
University School of Medicine; Associate Surgeon, Barnes, Children’s 
and Jewisli Hospitals, St. Louis, and H. Earle Conitoll, M.D., F.A.C.S., 
Orthopedic Surgeon for the Tennessee Coal, Iron and Railroad Company, 
Birmingham, Alabama, etc. Pp. 1164; 1165 illustrations. St. Louis: 
The C. V. Mosby Company, 1934. Price, 815.00. 

Spinal Anesthesia. Technic and Clinical Application. By George 
Rudolph Vbhrs, M.D., Salem, Oregon. Pp. 269; 81 illustrations. St. 
Louis: The C. V. Mosby Company, 1934. Price, 85.50. 

Stirgery of a General Practice. By Arthur E. Hertzler, M.D., Chie, 
Surgeon, Halstead Hospital; Professor of Surgery, University of Kansasf 
and Victor E. Chesky, M.D., Chief Resident Surgeon, Halstead Hos- 
pital. Pp. 602; 472 illustrations. St. Louis: The C. V. Mosby Com- 
pany, 1934. Price, 810.00. 

Tubercidosis in the Child and the Adult. By Francis Marion Pottenger, 
A.M., M.D., LL.D., F.A.C.P., Clinical Professor of Medicine (Depart- 
ment’ of Chest), University of Southern California, the School of Medi- 
cine; Medical Director, The Pottenger Sanatorium and Clinic for Dis- 
eases of the Chest, Monrovia, California. Pp. 611; 85 illustrations. 
St. Louis: The C. V. Mosby Company, 1934, Price, 88.50. 
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That Heart of Yours. By S. Cawin Smith, M.D., Sc.D. Pp. 212; 6 
illustrations. Philadelphia i J. B. Lippincott Company, 1934. Irice, 

52.00. 

Who Shall Survivel A New Approach to the Problems of Human Inter- 
relations. By J. L. Moreno, M.D. Pp, 437 ; illustrated. Washington, 
D C;; Nervous and Mental Disease Publishing Company, 1934. Price, 

84.00. 

The International Medical Annual. A A''ear Book of Treatment and Prac- 
titioners Index, 1934. Fifty-second year. H. Letheby Tidy, M.A., 
M D. (OxoN.), F.R.C.P., and A. Rendee Short, M.D., B.S., B.Sc., 
F.R.C.S., Editors, Mth 31 contributor. Pp. 579; 101 illustrations, _ 69 
plates, some in color. Baltimore: William Wood & Co., 1934. Price, 

56.00. . 

This admirable and unique volume again presents to us a revieiv of medical ad- 
vances of the past year, as seen through wise English eyes. The easy reference 
allowed by the alphabetical arrangement of topics is supplemented by a good index. 

Clinical Miscellany. Vol. 1, 1934. By 10 contributors. Pp. 206; 37 
illustrations. Sprhigfield, 111.: Charles C Thomas, 1934. Price, 83.00. 

Twenty-two communications from members of the staff of the Mary Imogono 
Bassett Hospital, Cooperstown, N. Y., presenting reports of a variety and, in part, 
unusual types of cases, well worked up and commented upon. 

The Life of Sir Robert Jones. A Biography of the World’s Greatest Ortho- 
pedic Surgeon, the Friend of Crippled Soldiers and Children; By 
Frederick Watson. Pp. 327; illustrated. Baltimore: William Wood 
& Co., 1934. Price, 83.75. 

’ NEW EDITIONS. 

Medical Dictionary, Part I, English-German . By Joseph R. Waller, M.D ., 
and Moritz K\atz, M.D. Pp. 201. Fourth edition. Leipzig: Franz 
Deuticke, 1934. Price, M. 6. 

This pocket-sized book is a complement to Waller's German-English Dictionary. 
Such a volume should have a useful role to fill. Words directly from the Latin have 
teen omitted to save space, yet one finds such strangers ns " nbactio," “ abaptiston,” 
“ abbof^surgeon ” (Loibarzt), "ablepsy,” ‘‘abomasum,” ” aborsemont,” “absterge,” 
“acarthasia” on the first two pages. Verb, sap! 

Modern Clinical Syphilology. By John H. Stokes, M.D., Duhring Pro- 
fessor of Dermatology and Syphilology in the School of Medicine, Uni- 
versity of Pennsylvania, and Professor of Dermatology-Syphilology in 
the Graduate School, etc., with 10 collaborators. Pp. 1400; 973 illus- 
trations. Second edition, revised and entirely reset. Philadelphia: 
W. B. Saunders Company, 1934. Price, 812.00. (Review, p. 286.) 

The Merck Manual of Therapeutics and Materia Medico. A Source of 
Ready Reference for the Physician. Pp. 1379. Sixth Edition. Com- 
piled and published by Merck & Co., Inc., 1934. Price, 82.00. 

• known ready reference vadc-mccum should require but little recommenda- 

tion from re'\aowers. If not allowed to replace larger more comprehensive works, it 
can be a valuable adjunct; but this potential danger must not be forgotten by the 
busy practitioner who is the one most apt to use it and to commit this fault. 

Pharmacology and Therapeutics. By Arthur R. Cushny, M.A., M.D., 
LL.p., F.R.S., Late Professor of Materia Medica and Pharmacology 
in the University of Edinburgh. Tenth Edition, thoroughly revised 
by C. W. Edmunds, A_.B., M.D., Professor of Materia Medica and Thera- 
University of Michigan, Ann Arbor, and J. A. Gunn, M.A., 
M.D., D:Sc., Professor of Pharmacology in the University of Oxford, 
Oxford, England. Pp. 786; 75 illustrations. Philadelphia: Lea & 
Febiger, 1934. Price, 86.50. (Review, p. 279.) 
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HYPERPARATHYROIDISM. 

During the past 15 years there has been considerable interest in 
the role of the parathjToids in the regulation of the integrity of the 
structure of bone. As in the case of other glands of internal secretion, 
the impetus for new and more exact work on the function of the para- 
thyroids followed in the wake of the preparation of active extracts by 
Collip,' Hanson, 2 Hjort, Robinson and Tendick.® The results of total 
ablation of the parath^Toid glands and the sequelae of an increase in 
the amount of the hormone elaborated by these glands has been studied 
in man and animals in a number of laboratories and clinics. Despite 
the volume of work done in this field, the exact action of the parathy- 
roid hormone is still not clear. Many facts have been discovered 
regarding tliis intricate mechanism, but the complete picture has not 
been painted due to a lack of many important details. Data from the 
experimental laboratory have contributed in a very significant manner 
to the recent advances made in the diagnosis and treatment of condi- 
tions arising from disturbances of parathjToid function. 

The advances made in the clinical knowledge of conditions arising 
from alterations in function of the parathjToid glands have been quite 
remarkable. Conditions for which there was little hope of allevdation 
and less thought of an explanation of the cause now have a less pessi- 
mistic outlook. The number of articles in the medical literature deal- 
ing with the diagnosis and treatment of parathyroid dj'sfunction has 
become so great Riat a comprehensive survey of these in this review is 
not possible. Several excellent reviews of this subject have already 
been published (Thomson and Collip,^and Jaffe®). It is intended that 
this review be in the nature of an exposition of certain results of e.xperi- 
mental effort and clinical experience germane to the surgical treatment 
of diseases arising from disorders of parathyroid function. For a 
more complete discussion of the relationship of the parathyroid glands 
to calcium and phosphorus metabolism the reader is referred to the 
renew of Thomson and Collip. 
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The parathyroid glands are small lenticular bodies, measuring from 
2 to 8 mm. in length, and Ijung usually in tlie neighborhood of the 
posterior or inferior surface of the thyroid gland. Normally they are 
firmer than the thyroid gland. In tlie young they are light pink in 
color and in older indiruduals they vary from pink to yellowish 
gray. While generally found in proximity to the tliyroid, there is no 
relationsliip to this organ either embryologically or functionally. The 
thjToid gland arises from the ventral median diverticulum of the 
pharjmx cranial to the second branchial cleft arches, and the para- 
thyroid bodies originate from an entodermal anlage at the 3d and 4th 
branchial arches. It is thus erddent that embryologically tliey are 
more closely related to tlie thymus. Unlike the thjToid, the para- 
thjToids are paired structures, tlie pair arising from the 3d arch descend- 
ing more caudad to find their usual position on the dorsolateral aspect 
of the lower pole of tlie thyroid gland, tlie pair arising from tlie 4th 
arch descending a much shorter distance to lie close to tlie superior 
pole of the tliyroid. We have not been able to find any authentic 
report of their presence witliin tlie substance of this structure. The 
pair from the 3d arch migrate downward with the thymus, in some 
instances retaining their attachment to the tliymus and come to rest 
attached to or imbedded in the thymus deep in tlie mediastinum. 
If the attachment to the thymus is broken early in their development, 
the glands may be found to lie quite high, sometimes being found as 
high as the level of the tliird arch, "^liile the parathyroid glands 
viewed on an embryologic basis should be paired structures, 2 lying 
on either side of the midline, actually the number found has been 
described as from 1 to 12. The variations found may be explained 
on a basis of fusion, or retrogression of certain of the rudiments, and a 
splitting in other instances of the rudiments into several components. 

The variability in position and number of the parathyroid glands 
has been well emphasized in a study of human material by Heinbach.® 
In careful dissections made on 25 human cadavers, Heinbach found 
from 2 to 6 parathyroids in each case, the position var^nng widely. 
The most common position was upon tlie medial half of the dorso- 
lateral surface of the lateral lobes of the thjToid gland, between the 
common carotid artery and the inferior constrictor muscle of 'the 
pharynx above and the esophagus below, lateral and dorsal to the re- 
current larjmgeal nerve but not in intimate relationship to it. The 
parathyroid glands were not, as a rule, adherent to the capsule of 
the thyroid, but lay most frequently in the areolar tissue outside the 
true capsule. In addition to careful dissections to study the position 
and number of the parathyroid glands, Heinbach reviewed the litera- 
ture on this subject and found similar variations reported by other 
authors. 

The blood supply of the parathyroid glands has been studied by 
Curtis,’ and Curtis and DeQuervain,® who found that these bodies 
were supplied mainly by the inferior thyroid arteries. However, by 
injection methods these authors found that even though the inferior 
thyroid was ligated, the injection mass found its way into the para- 
thyroids in abundance. This work explains why tetany does not 
result from ligation of the inferior tliyroid artery during the course 
of thyroidectomy, since the parathyroids are amply supplied by a col- 
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lateral circulation from the vessels of the larjmx, pharynx, esophagus, 
trachea and tlie cerrdcal fasciae. 

The work of Gley,® in 1S92, showed tliat the extirpation of the para- 
tlijToid glands in the dog resulted in tetany. Subsequent work has 
shovm that associated vdth and preceding the onset of tetany the 
serum^ calcium is definitely reduced and tlie inorganic phosphorus 
excretion in tlie urine is decreased. Unless the animal is treated with 
potent extracts of the gland, -ttith calcium or \itamin D preparations, 
it soon dies. 

The injection in a normal dog in sufficient amounts of an active 
extract of tlie parathjToid glands results in a gradual but marked 
increase in the serum calcium wliicli after a time reaches a peak and 
tlien tends to level off or drop slightl3f. The inorganic phosphorus in 
tlie blood after such an injection decreases except when toxic doses 
of tlie extract are administered. Then, due most likely to suppression 
of urinary excretion, the phosphorus of the blood increases. Associated 
with the changes in the level of calcium and inorganic phosphorus in 
the blood tliere is an increased excretion of botli tliese substances 
through the kidnej^s. These findings are clear-cut and offer no point 
of controversy. There is, however, considerable controvers.v concern- 
ing many points, such as tlie exact location of tlie source of the calcium 
and phosphorus excreted, above that ingested. Bauer, Aub and 
Albright^ suggest tliat the bone trabeculie proidde a mobile store of 
calcium which is decreased b^' paratlijToid hormone administration. 
A calcium-poor diet in a normal animal also tends to draw on this 
store of calcium, a calcium-rich diet tending to replace it. Exception 
has been taken to the statement that it is from tlie trabeculre from 
which calcium is lost after parathjToid hormone administration 
(Bodansky and Jaffe,“ and Gyorgy*-), but all authors place the stores 
of easily mobilized calcium in the bonj" skeleton. 

The serum phosphatase has been shown to be high in osteitis fibrosa 
cystica, produced experimentally in guinea pigs bj' paratlijwoid hormone 
administration (Bodanskj^ and Jaffe’^). Similar findings ndtli regard 
to serum phosphatase have been reported in certain otiier diseases of 
the bone, c. g., rickets, generalized osteitis fibrosa c^^stica and osteitis 
deformans (Hunter'^). Following injections of parathjToid hormone, 
the concentration of bone phosphatase is decreased (Page'^). 

Many instances of the association of paratlijToid adenomata witli 
certain diseases have been reported since Askanazj'*'' published a case 
of osteitis fibrosa cj'stica with a tumor w'hich was probably of para- 
thjToid origin. Three j'^ears after tlie publication of Askanazj^’s case, 
Erdlieim reported a case of puerperal osteomalacia with a large para- 
thyroid tumor. Erdheim felt tliat tlie tumor wns the result of the 
bone disease, and that it represented compensatory hjqierplasia. 
Hofflieinz*^ reviewed 45 cases of various disorders of bone collected 
from the literature, togetlier with a case of osteitis fibrosa cj'stica 
which he had autopsied, all of wiiich sliow'ed enlargement of the para- 
thjToid glands. Of tliese cases, 17 had definite osteitis fibrosa cystica, 
w'hile in 8 a diagnosis of osteomalacia w^as made. Renal calculi w'ere 
present in a number of instances. Barr and BulgeP^ extended tlie 
number of cases of bone pathology with associated parathjToid enlarge- 
ment by the addition of 29 other cases. Hofflieinz commented on tlie 
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association of parathyroid enlargement and bone disease chiefly on 
the basis of Erdheim’s original concept that the changes in tlie para- 
thyi-oid were a compensatory mechanism. It may seem unusual that 
the true mechanism was not earlier recognized and the association of 
certain bone diseases and the enlarged parathyroids encountered m 
these did not lead to treatment by parathyroidectomy at an earlier 
date. This may possibly be e.xplained on the basis that enlarged 
paratlijToids had been reported in patients in whom there was no 
demonstrable bone pathology. In addition, many cases of bone dis- 
ease, notably osteomalacia, had been carefully investigated and found 
to have no parathjToid enlargement, so that any relationship wliich 
may seem apparent now could not have been clearly evident twenty 
years ago. Nevertheless, Schlagenhaufer|“ did suggest that the para- 
thyroids be removed in some of the malacic diseases. Since experience 
has shown that the best results have been obtained in osteitis fibrosa 
cystica, it is possible that an attempt at e.xtirpation of the parathjToids 
if done at that time might have served only to cloud the issue, had 
the parathjToidectomy been performed in a patient suffering from 
osteomalacia. 

The first case reported in wliich a parathjToid tumor was removed 
for treatment of bone disease was published by Mandl,^® in 192G. 
This patient had, previous to the removal of an adenoma of the para- 
thyroid, a parathyroid transplant, which it was thought might relieve 
the condition, on the basis of Erdheim’s theory that the disease was 
due to parathyroid deficiency. When implantation therapy failed, 
Mandl explored the neck of the patient and removed a parathyi’oid 
adenoma. The folloAving is Mandl’s description of his case: 

The patient was a street-car conductor, aged 38 years, having a 
sister Avho suffered from osteitis fibrosa cystica. He became ill 5 years 
previouslj'-, folloiving a luetic infection. His chief complaint was in- 
creasing fatigue in his lower extremities. He became so weak that 
it became necessary for him to stop work. He had many types of 
treatment, but except for short remissions the disease progressed. 
In 1924 he had to resort to the use of crutches. In October, 1924, 
Roentgen ray showed osteitis fibrosa cystica of the pelvis and femora. 
He was given tliju-oid and parathyroid extracts wtliout arresting the 
progress of his disease. In December, 1924, he suffered a spontaneous 
fracture of his left femur. In June, 1925, Mandl saw Irim in his clinic. 
He was unable to use his lower extremities. Ljdng down he could not 
lift his legs or bend his knees. He had pain in his pelvis and legs, and 
said he could neither stand nor sit, as he felt his pelvis was too weak. 
He was quite emaciated and, most important, he excreted so much 
calcium in his urine that it settled out on standing. This excretion of 
eimess amounts of calcium the patient had noted for many months. 
These symptoms were worse in the colder seasons. On July 2, 1925, 
4 parathyroid glands^ were removed from a dying patient and trans- 
planted into the patient, but he showed not the least improvement. 
Microscopic examination of the tissue was not done. 

Careful search was later made for a palpable tumor but none was 
found. The patient was willing to submit to a careful search for a 
parathyroid tunior in the hope tliat its removal would infiuence the 
couise of his disease. On July 30, 1925, Mandl removed a yellowLsh- 
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browTi tumor, almond shaped, sharplj’^ demarcated from the surround- 
ing tissue, measuring 25 by 15 by 12 mm., from the area between tlie 
left lobe of the thjToid gland and the trachea. It was rather firmly 
attached to the recurrent laryngeal nerve and was dissected free. It 
was shelled out from a connective-tissue capsule and had small elevations 
on its surface. 

Examination of tlie otlier paratlijToid glands revealed tlie presence 
of 3 normal appearing glands. The wound healed by primary inten- 
tion, a temporary recurrent laryngeal nerve paralysis resulting folloving 
the opei’ation. 

The gland which -was removed revealed parathyroid tissue. The 
alveolar epitlielium showed a mosaic pattern with the cells Ijdng one 
under the other, separated by a fine red line. The protoplasm of tlie 
alveolar cells was water-clear and contained nuclei lying free and 
which contained fine eosinophilic granules. The nuclei were generally 
bright, round, vesicular and variable in size. Many of tlie nuclei were 
5 times as large as others. The appearance of the alveoli gave a 
palisading effect, most of the alveoli appearing completely solid. 
Occasionally a lumen was noted iintli tliin eosin-red contents. Hemor- 
rhage was noted in areas, as well as hematogenous pigment in tlie con- 
nective tissue. Normal paratliyroid tissue could not be seen in the 
section. 

The postoperative course showed a marked change in the patient. 
A few days after the operation it was possible to see vitli the unaided 
eye the difference in the excretion of calcium in tlie urine (9.0 mg. % 
as compared with 54 mg. % before operation). Four months after 
operation the bones showed a marked increase in tlie calcium content; 
subjectively the patient was much better also. The patient was able 
to be about with a crutch and a cane, which was impossible for many 
montlis before the operation. The pains in tlie pelvis and legs were 
gone, and he could move tlie extremities. He gained weight and 
looked better, even in a season when ordinarily he would suffer most. 

The recognition of the relationship between osteitis fibrosa cystica 
and paratliyroid gland disease in America was made, in 1926, by 
DuBois.-' The patient, a sea captain, aged thirty years, who was seen 
by DuBois in the Belleime Hospital in New York, has been extensively 
discussed. A most complete and painstaking study of his case by 
Hannon, Shorr, McClellan and DuBois,”- Bauer, Albright and Aub,"''* 
McClellan and Hannon,^^ and Churchill and Cope“ has undoubtedly 
shed more light on tlie clinical picture of hyperactivity of the para- 
thyroid glands than any otlier case. 

In 1929, Barr, Bulger and Dixon“ published observations on a case 
of osteitis fibrosa cystica in which there was an amelioration of symp- 
toms following tlie extirpation of an enlarged parathjuoid gland. 

From a review of tlie literature and observations on the case these 
authors felt tliat they were dealing ivitli a definite clinical entity in 
wliich (1) rarefaction of bone, (2) multiple cystic tumors in tlie bone, 
(3) muscular weakness and hypotonia, (4) abnormal excretion of cal- 
cium, (5) formation of calcium stones in tlie kidneys and (6) a high 
serum calcium was present. They chose tlie name of hyperparathyroid- 
ism for this symptom complex because of tlie association of hyper- 
plastic parathyroid tissue and signs suggesting an excess of the hormone 
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of the parathjToid glands in tlie body. This term seems to be a very 
happy one and has been universally accepted. On tlie basis of later 
work it became evident tliat there were many conditions Avhich might 
fit partially into tlie chain of symptoms and signs designated by Barr, 
Bulger and Dixon, which were not really the result of parathjToid 
hyperactivity but which have later come to be classed as hjTperparathy- 
roidism by certain writers. Bauer=^ has presented a more detailed 
and complete picture of hjT^erparathjToidism which narrows the clinical 
picture to include only tlie bone disorder known formerly as von 
Recklinghausen’s disease or osteitis fibrosa cystica. We quote Bauer’s 
criterion in full : " Hyperparatliyroidism is a disease characterized by 

definite alterations in the calcium and phosphorus metabolism as well 
as by certain symptoms and signs. The alterations in the calcium and 
phosphorus metabolism are: 

“ 1. An Elcvafcd Scrum Calcium. Serum calcium values as high as 
23.6 mg. per 100 cc. have been reported. The normal serum calcium 
varies between 9.5 and 10.5 mg. 

“2. A Decreased Serum PhosjAiorus. Values as low as 1.4 mg. per 
100 cc. have been observed, in contrast to normal values of 4 to 5 mg. 

“3. .4?!. Increased Calcium Excretion. The increased e.xcretion of 
calcium is entirely urinary, the fecal excretion being unaffected. 

“4. An Increased Phosphorus Excretion. The increased excretion of 
phosphorus is also entirely urinary. The increased exeretions of 
calcium and phosphorus in 1 reported case were of the same magnitude 
as those in a normal individual receiving 100 units of an active para- 
thyroid extract per day. 

“These alterations in the calcium and phosphorus metabolism may 
be accompanied by any or all of tlie following symptoms and signs: 
(1) polydipsia; (2) polyuria; (3) wealoiess and loss of strength; (4) 
constipation; (5) loss of appetite; (6) loss of weight; (7) indefinite 
muscle and joint aches and pains (commonly diagnosed rheumatism, 
arthritis or neuritis); (8) bone tenderness; (9) frequent fractures, often 
following slight trauma; (10) decreased excitability of tlie nerves; (11) 
skeletal shortening; (12) kypho.sis; (13) bone tumors, frequently diag- 
nosed epulis of the jaw or giant-cell tumor in other bones; (14) kidney 
or ureteral stones (usually bilateral); (15) characteristic X-ray find- 
ings, — such as generalized decalcification, bone tumors, multiple bone 
cysts, fish-type vertebral bodies, etc.; (16) frequentlj'^ anremia with 
leukopenia.” 

Unquestionably there are other conditions in which enlarged para- 
thyroid glands have been associated with bony changes, as renal rickets 
(Langmead and Orr-®), osteomalacia (Erdheim"'*), chronic interstitial 
nephritis (Harbitz^®), multiple myelomata (Barr and Bulger'®), and 
carcinoma (Klemperer®'). 

Hyperplastic or adenomatous parathyroid glands in these conditions, 
however, should be considered as a rare finding. In tire case of gen- 
eralized osteitis fibrosa cystica enlargement of tire parathyroid glands 
IS tlm rule. ^ This is exemplified by the case of the sea captain studied 
by DuBois,"' Hannon, Shorr, McClellan and DuBois,“ Bauer, Albright 
and Aub,®® McClellan and Hannon,®^ and Churchill and Cope,®® in 
whom repeated searches were made for a period of 6 years before a 
parathyroid adenoma was found by Churchill. 
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Ballin^* has attempted to broaden the scope of the term hj^rerpai'ca- 
thyroidism to include Paget’s disease and arthritis deformans. Tliis 
■\dew has been rather strenuously contested by Bauer-^ and Jaffe,® 
chiefly on the basis that in tliese conditions increased phosphorus and 
calcium excretion are not found. A’SHiether or not other bone lesions 
may eventually be found to be associated with true hyperparathyroidism 
remains to be seen. At the present time the evidence is not convincing. 

The renal lesions associated mth hyperparathyroidism have been 
described by Albright, Baird, Cope and Bloomberg.®^ • These authors 
present 3 different types of renal involvement in hyperparathjToidism. 
They designate their Type 1 as a pyelonephritis, secondary to formation 
of calcium phosphate stones in the renal pehds, and suggest that 
patients vdth renal stones should be examined for e\ddences of hyper- 
parathyroidism. Type 2 they designate as those cases having old 
deposits of calcium in the kidney parenchjnna. Type 3 comprise those 
cases which show signs of acute parathjToid poisoning. The Iddney 
deposits of calcium are found in the parenchyma without chronic renal 
changes. These cases suffer from anuria and die vdthin a few days. 

The case of the sea captain who was the subject of much study did 
not show evidence of renal calculi when first seen. Calculi did, how- 
ever, develop during the further course of his disease and showed 
evidence of Type 2 renal involvement as described by Albright ct al. 
The question of whether the calculi which are found in cases of hyper- 
parathjToidism mil disappear after parathyroidectomy is intriguing. 
The possibility of causing solution of these stones by a high phosphorus 
diet or by the use of sodium acid phosphate, as suggested by Albright, 
Bauer, Claflin and Cockrell,^^ is to be considered, but the possibility of 
causing further kidney damage with decreasing phosphorus excretion 
and an increase of phosphorus and calcium in tlie blood must also be 
considered. It is interesting that tliis phase of the subject has not 
received more widespread attention. It is probable that, should these 
patients reach a normal phosphonis-calcium metabolism after the 
extirpation of the offending parathyroid gland and live for several 
years in good health, there will be reports concerning the status of 
the kidney stones. In a personal communication, I. Y. Olch reports 
that a case upon whom he removed a tumor of the parathyroid 4 years 
ago has shown a definite decrease in the size of her kidney stone. 

Hyperparathyroidism as a clinical entity is apparently on a sound 
basis when the diagnosis is made not only upon the appearance of the 
bone lesions, but also upon careful metabolic studies. So far the 
treatment is surgical, since no case has shown improvement on a strictly 
medical regime. The limits of the clinical entity are clearly defined. 
Cases of generalized osteitis fibrosa cystica fit into the entity of hyper- 
parathyroidism well. Otlier bone diseases do not show the strildng 
recovery after parathyroidectomy as do the cases of osteitis fibrosa 
cystica. "Aether other bone diseases mil be found to fit the term 
hyperparathyroidism, it is difficult to say, but in order to introduce any 
otlier disease entity into this term, there must be careful metabolic 
studies made which show that the disease is similar to the conditions 
found when there is an excess of the hormone of tlie paratliyroid in the 
organism. The diagnosis of hyperparathyroidism cannot be made save 
after a careful study of calcium and phosphorus metabolism. 
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THE CEREBRAL CENTERS OF VISION. 

Interest in the clinical and experimental investigation of cortical 
localization of the visual functions was revived by the studies of Gordon 
Holmes and others on visual defects following war injuries to the occipi- 
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tal lobe. ^ Holmes' stated that complete destruction of the striate area 
on one side caused a complete homonymous hemianopsia throusrh the 
center of fixation. Tliis finding seemed to contradict the tlieory of 
bilateral representation of the macula in the occipital corte.x, which 
tlieory had been advanced to explain the usual finding in occipital lobe 
lesions of homonjmious hemianopsia lyitli sparing of tlie macula. 
Holmes thought that the sparing of tlie macula usually found in vascular 
lesions was therefore probably due to overlapping of the arterial supply 
to the two cuneal areas. He also found that idsual hallucinations of the 
unformed tj’pe in the blind field ivere often assoeiated witli lesions of 
the visual cortex. Holmes was able to demonstrate that defects in the 
lower field of \nsion resulted from lesions above the calcarine fissure, 
that defects in the upper fields were associated with lesions below the 
calcarine fissure, and that central scotomata, or defects in the macular 
field, were found in lesions at the occipital pole. A lesion at one occipital 
pole caused homonymous paracentral scotomata, while injuries to the 
anterior part of the striate area were followed by peripheral field defects. 

These findings lent strong clinical support to the theory of definite 
and detailed representation of indi\'idual portions of the retina in 
exactl 5 '' localized areas of die striate cortex. Numerous investigative 
studies have been undertaken to furnish anatomic and histologic proof 
of this dieory. 

Brouwer and Zeeman’' studied die nerve fiber and cell degenerations 
in the primary ^’isual centers following small, experimentally produced 
lesions of the retina in monkeys. They found diat die fibers from die 
upper half of the retina terminated in the medial part of die e.xternal 
geniculate body, while diose from the lower half terminated in the 
lateral portion. The macular fibers were found to have a very wide 
distribution in die central part of die geniculate. The peripheral parts 
of the retina, but not the macula, w'ere found to have small projections 
in the anterior quadrigeminal body. No ^isual fibers could be traced 
into the puhinar. Brouw'er^ had already carried out similar investiga- 
tions in rabbits and had found an equally definite though somewiiat 
differently located representation of the retinal quadrants in the 
external geniculate body. Putnam and Putnam, w'orldng in Brouwer’s 
laboratorjq dien excised 'portions of die striate cortex in rabbits and 
follow^ed the resultant fiber degenerations back to die external genicu- 
late body. They were able to demonstrate diat there was a fixed and 
definite anatomic projection of the retinal quadrants on the striate 
cortex and that there w^as no connection betw^een the striate cortex on 
one side and die external geniculate of the opposite side. 

Following up diis wmrk and correlating it with the careful histologic 
study of two human brains, Putnam concluded diat, in man, (1) die 
optic radiation lies in the inferior longitudinal fasciculus and occupies 
all of it; (2) the upper quadrant of -the retina is projected on the mesial 
limb of the geniculate body, on die upper portion of the inferior longi- 
tudinal fasciculus (optic radiation) and on die upper anterior portion of 
the striate cortex; (3) the lower quadrant of the retina is represented 
laterally in die geniculate and inferiorly in die radiation and striate 
cortex; (4) the macula is represented betw’een die upper and low'er 
fibers in the upper portion of the posterior half of the geniculate and 
in the posterior part of die striate cortex where its representation is 
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extensive, and (5) there are apparently no fibers crossing in the corpus 
callosum from one visual tract to the opposite striate cortex by means 
of which macular sparing in occipital lobe hemianopsia can be explained.^ 

Putnam was able to show further® that the calcarine fissure does not 
divide the striate area accurately in two and that it is an unreliable 
landmark for orientation, more of the visual area usually lying below 
than above it. He estimated that about 65% of the fibers in the optic 
nerve arise from the central area of about 2.7 mm. around the fovea, 
corresponding to about 25° in the visual field, and that about 4/% of 
the optic rafiation carries macular fibers, these fibers occupying the 
center of the radiation. The macular area in the cortex extends about 
2 to 3 cm. anterior to the occipital pole. 

That tlie area of the striate cortex reserved for macular vision is 
relatively very large was shown by Brouwer in a case of homonymous 
hemianopsia udth macular sparing due to a small lesion in the frontal 
part of the striate area.^ Brouwer concludes that the caudal half of 
the calcarine cortex along with tire lateral surface of the occipital lobe 
serves exclusively for macular projection and tliat the small frontal 
area serves for peripheral rdsion. He believes that the macular area 
extends farther frontal between the areas for the upper and lower halves 
of the retina than is commonly believed. Almost the whole of the 
striate area in man lies on the medial side of the occipital lobe. 

Poljak carried on an extensive series of investigations in which he 
studied the degenerations caused by experimental lesions, both in the 
external geniculate and optic radiation, and in the striate cortex in 
monkeys.® He found that the optic radiation was divided into (a) an 
upper horizontal branch which commences in tlie mesial segment of 
the geniculate, carrying fibers from the upper retina and reaching 
the upper lip of the calcarine fissure by circling above the posterior horn 
of the lateral ventricle; (b) a lower horizontal branch from the lateral 
segment of the geniculate and lower half of the retina which goes to the 
lower lip of the calcarine fissure below the posterior horn of the lateral 
ventricle, and (c) an intermediate or vertical branch can-ying macular 
fibers to the lateral face of the occipital lobe and to its tip. The most 
anterior part of the striate cortex was shown to be connected ■witli tliat 
portion of the geniculate body which receives fibers from the farthest 
periphery of the retina. By producing minute lesions in tlie striate 
cortex and studying the resultant degenerations, Poljak was able to 
prove that not only each quadrant of the retina has its separate cortical 
representation, but each minute portion of the retina is represented in 
separately. He demonstrated that complete extirpation 
of the striate area on one side produced total degeneration of tlie external 
geniculate on the same side but had no effect on the external geniculate 
of the opposite side. 

_ From these data there would seem to be no foundation for tlie belief 
in a bilateral cortical representation of the macula. However, it is 
known that, clinically, homonymous hemianopsia with macular sparing 
XT ^ lesions of the occipital lobe. Davison, Goodliart and 

Weedles report that closure of the calcarine artery will cause partial 
nemianopsia, inferior quadrantanopsia being present in lesions above 
the calcanne fissure and superior quadrantanopsia in lesions below the 
hssure. They state that, according to Foix, complete closure of the 
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left posterior cerebral artery will result in hemianopsia and alexia. 
Penfield and Evans'® find that temporal lobectomy in man will cause 
complete homonymous hemianopsia without sparing of the macula, 
due to removal of the optic radiation, while occipital lobectomy results 
in homonymous hemianopsia %vith macular sparing. German and Fox" 
also found homonymous hemianopsia witlr macular sparing after occipi- 
tal lobectomy. In their case all of tlie area striata was removed except 
a small portion along the stem of the calcarine fissure. Penfield and 
Evans, and German and Fox conclude, therfore, tliat in man there must 
be a bilateral cortical representation of the macula, or else there must 
be repi-esentation of the macula but no representation of the periphery 
of the retina anterior to the level of their lobectomy. H. P. W. 
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In a previous paper by one of us' the attempt has been made to 
determine the incidence of rheumatic heart disease in a group of 
University students, and to relate this incidence to their social and 
economic background. This study was based on the impression 
that rheumatic fever is a disease which finds its highest incidence 
among individuals living under poor hygienic and urban conditions, 
and that these conditions are usually an expression of poverty. In 
England, for instance, rheumatic fever has been considered as a 
disease “of children of the artisan class’’^ and statements have been 

* The expenses of this investigation have been defrayed by a grant from the Mil- 
bank Memorial Fund for the study of Rheumatic Fever, 

VOL. 188, NO. 3. — SEPTEMBER, 1934 



302 


PAUL, HARRISON, SALINGER, DEFOREST: 


made that: “Although technically the rheumatic infection may 
not be a ^poverty disease’ in that its frequency does not seem to 
follow absolutely the variations in degree of poverty, yet nothing 
is more certain than that it is a disease of the poorer classes also 
that “No disease has a clearer cut ‘social incidence’ than acute 
rheumatism, which falls perhaps thirty times as frequently upon 
the poorer children of the industrial town, as upon the children of 
the well-to-do.’’^ Few statistics have been collected upon this point 
in the United States, probably beeause sociologic data of this type 
are more difficult to obtain here than in England, in that distinc- 
tions between the different classes are not so clearly defined in this 
countr 3 ^ The few obser\’’ations from the United States include 
those of Faulkner and White, '' ivho obtained data from colleges 
and private schools, and concluded that rheumatic infections and 
rheumatic heart disease were relatively less common among this 
well-to-do group. Swift® states that, “apparently, poverty, mal- 
nutrition, and unhygienic surroundings furnish the most favorable 
soil for the development of this infection. Many cases are seen, 
however, among well-to-do members of society.” Coburn® has 
also commented on the lower incidence of rheumatic fever in private 
patients than in the medical wards of the Presbyterian Hospital in 
New York City. 

In our previous study' emphasis was laid upon the fact that the 
most practical present approach to an estimate of the incidence of 
rheumatic fever was the determination of the incidence of rheumatic 
heart disease. This method is not ideal because the incidence of 
rheumatic heart disease may, for instance, be an indication of the 
type of therapy to which rheumatic patients are subjected, rather 
than an expression of the actual incidence of the disease responsible 
for the cardiac lesion. With this limitation in mind, however, the 
incidence of rheumatic heart disease was determined in a group of 
8000 Yale University students. This group represented a higher 
social and economic plane than that from which most large scale 
statistics of this type have been derived. In it the incidence of 
rheumatic heart disease was found to be a little more than half that 
recorded in similar surveys on industrial workers and military 
recruits. This furnishes added numerical evidence to support the 
fact that rheumatic heart disease is less common among well-to-do 
individuals in the United States than among the rank and file, but 
the statement from England that no disease has a clearer cut “social 
incidence” was not strikingly reflected in our figures. 

As is obvious, these results may be better interpreted when similar 
data are available from poverty-stricken districts, and for this 
reason the present study was undertaken. We have now chosen a 
younger age group than in the first report, namely, children between 
the ages of 4 and 18 from public, and private schools of New Haven 
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and its environs. The attempt has been made to determine the 
incidence of rheumatic heart disease in this juvenile group from 
the standpoint of poor urban as opposed to good urban living con- 
ditions, and from the standpoint of urban as opposed to rural living 
conditions. 

General Data on the Incidence of Rheimatic Heart Disease Among 
School Children. In reviewing the literature on this topic from 
different parts of the world, one is struck by tbe scarcity of accurate 
data. There are many school surveys in which “heart defects ’ 
and “organic heart lesions” have been recorded, but in only a small 
number has the attempt been made to determine the actual incidence 
of cardiac defects of rheumatic origin. However, if we assume that 
80% of organic heart disease occurring in children under 16 is 
rheumatic, it is possible to estimate roughly the incidence of rheu- 
matic heart disease from these statistics. This assumption is based 
upon figures derived from etiological analyses in relation to age, in 
large groups of cardiac patients in New York City,^ New England,*' 
and Virginia.® Its validity is dependent upon another assumption, 
that these percentages would exist in parts of the world other than 
those listed above. 

In Table 1 figures obtained from various surveys have been listed. 
In general, and unless otherwise specified, the age group of the 
different school populations examined ranges between 6 and 15 years. 
The observed or estimated incidence of rheumatic heart disease 
(last column of each of the two sections of Table 1), is found to vary 
from 1.03 to 20.8 per 1000. These variations, as was emphasized in 
the previous paper,' are probably dependent not only upon the 
children’s age, the geographic location and the social character of 
the population examined, but particularly upon the diagnostic 
criteria emplo 5 red. 

In one of the best of the American surveys (Boston, 1926'“) an 
interesting finding was that in the two most congested urban dis- 
tricts, the percentage of organic heart disease averaged 7 per 1000, 
while in four less congested districts the average was 4 per 1000. 
But with the exception of this survey,'® and another carried out in 
three counties in the western part of England,'®’'^ we are not aware 
of other school surveys in which the attempt has been made to relate 
the incidence of rheumatic carditis to social, economic or racial 
conditions. 

Our first effort was to determine whether or not data obtained 
from the routine physical examination of school children by school 
physicians of the City of New Haven would be satisfactory for 
anabasis. It was soon apparent that the actual incidence of rheuma- 
tic heart disease could not be determined by this approach, but it 
was possible to obtain data on certain “cardiac defects” in the poorer 
poup of school children which could be compared with similar data 
from the better-to-do group. 
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Birmingham, 1913 (15) 15.0 12.0* 

Germany, 1920 (15) 23.0 18.40* 

Bath, 1926 (15) 23.6 18.88* 

London, 1923 (15) 26.0 20.8* 

Computed on the basis of 80% of “total organic heart disease." t (a) Ages 11 to 20; t (b) ages 6 to 18; t (c) ages 14 to 17. 
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Methods of Examination Emvloyed hy School Physicmis in the City g New 
Haven * The number of children attending public schools in the Uty ol _ 
New Haven totals about 34,000 distributed among 65 parochial and public 
schools Each year all pupils of the first grade (mostly 5 years of age) and 
of the fifth grade (mostly 10 years of age) are examined by two school 
physicians. In recording their data the attempt has not been made by the 
scliool physicians to classify heart defects etiologically. As the diagnosis 
of rheumatic heart disease must rest on certain criteria which do not appear 
in their records, it has been obviously difficult to estimate its incidence from 
these figures, but the same method of estimating the rheumatic heart rate 
from the organic heart rate emploj^ed in Table 1, can at least be attempted. 
Consequently from their data, covering the year 1932, we selected all 
children with a systolic murmur of the heart thought by school physicians 
to be “organic” i. e., not a functional murmur. The schools were then 
divided into two groups. Those attended by children from the more poverty 
stricken districts of the city were designated as “poorer” schools, and those 
attended by children from the better districts were designated as “better” 
schools. 

Analysis of the Results of Examinations hj School Physicians. 
Although, the diagnostic criteria employed in these examinations 
by school physicians are limited for our purposes, we believe that 
the relative incidence of “organic” systolic murmurs (and the frac- 
tion of these which may be considered rheumatic) in the two types of 
schools is of some significance. The latter are shown in Table 2 to 
be about 1.5 times higher in the “poorer” schools than in the 
“better” schools. 

Resiilts of Our Determinations. In another attempt in which 
more definite diagnostic criteria were employed, several groups of 
children were reexamined by one of us (R. S.). The impossibility 
of covering large groups by this method is offset by the advantage 
of using our own diagnostic criteria on the entire group. 

Out Own Diagnostic Criteria. — While the diagnosis of clear-cut rheumatic 
heart disease offers little difficulty, the element of clinical judgment is 
particularly important in border-line cases. Criteria employed for the 
diagnosis of doubtful cases of rheumatic heart disease were as follows : 

1. «A history of rheumatic fever, if present, was regarded as of positive 
importance in the presence of questionable cardiac signs. 

2. Some of the signs which have been regarded as of positive significance 
are given in the order of their importance. The presence of: (a) apical 
systolic and pre-systolic thrills, or a systolic thrill transmitted to the vessels 
of the neck. (6) Pre-systolic murmurs, aortic diastolic and other mid- 
diastolic murmurs, (c) Cardiac enlargement which could not be explained 
on any other basis, (d) Loud or harsh systolic murmurs best heard at the 
apex and transmitted laterally. 

The diagnosis of congenital heart disease usually rested upon the history, 
findings, the presence of cyanosis, and clubbing of the fingers. 

The diagnosis or the interpretation of functional murmurs, of course, 
offered considerable difficulty. We have followed the view that more defin- 
ite functional murmurs are generally present at the base of the heart and can 
be best heard when the patient is prone. 

* indebted to Mr. Henry J. Schnelio and Miss Margaret Barrett of the 

Board of Education of the City of New Haven and also to Drs. E. Irene Boardman 
and Jean Hippolitus for their assistance to ua in this work and for the privilege of 
examining their records. 
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TabIiE 2. — The Incidence of Systomc Murmurs in Children from “Better’’ 
AND "Poorer’’ Public Schools in Neiv Haven. 

Incidence per tliousand. 


II. Of munnura 


Typo of 
school. 

“Better" 

Grade.* 

. . I 

V 

No. of children 
examined. 

1144 

1123 

I. Of “ organic” 
systolic murmurs. 

13.2 

14.2 

which may be due 
to rheumatic heart 
disease, 80% of I. 

10.5 

11.3 

“Poorer" 

. . I 

1S63 

19.3 

15.4 


V 

162S 

20.8 

16.6 

Total 


5768 




It should be emphasized that under the conditions in -svliich our data 
were obtained, the application of these diagnostic criteria proved difficult. 
The majority of the cases of rheumatic heart disease encountered among the 
populations examined represented mild forms, and unfortunately the diag- 
nosis of just such forms as these requires a large element of personal judg- 
ment. It was our effort throughout, however, to include onl}^ the more 
definite cases. 

Methods of Examination and Character of Popidations Examined. In the 
groups of children subjected to our ovm examinations, practically all of the 
diagnoses were made by two individuals both of whom were familiar with the 
interpretations which the other placed on various physical signs. Thus 
98% of the examinations of the urban school children were performed by 
one of us (R. S.). All the suburban and rural school children were also 
examined by one of us (E. R. H.). 

Urban Public Schools. Two schools, both of them Junior-High Schools, 
attended by pupils between the ages of 12 and 14, were selected. One was 
attended by pupils from one of the poorest districts in the city, the other 
by pupils from one of the better districts. Only males were examined, and 
an average of 8 to 10 minutes was spent on each boy. In the “poor” 
school 332 boys were examined, and in the “good” school 258. 

Urban Private Schools. From 4 private schools 16S children were also 
examined.! The age group covered that of 5 to IS years. This group is 
small but represents a large percentage of the entire pri\’ate school popula- 
tion of New Haven. 

Suburban and Rural Public Schools. This group was drawn from the 
adjacent to^vn of Hamden in which the total school population is about 
5000. One of us (E. R. H.) is the school physician for this district. Cardiac- 
examinations were made on boys and girls during the annual routine exami- 
nations of the kindergarten (ages 4 to 5), third grade (ages 8 to 10), and 
eighth grade (ages 12 to 16). About 80% of the children in this group lived 
in suburban localities, 20% in rural localities. 

Analysis of the Results of Our Examinations. Our incidence 
determinations of rheumatic heart disease are recorded in Figure 1. 
It is questionable whether they are actually comparable to those 
of other surveys, because we are not aware of any survey in which 
such a careful search for the presence of cases of rheumatic heart 
disease has been made from the original unselected group. It is 
our belief, therefore, that our incidence determinations would tend 

* The majority of the first grade children were aged 5 years, the fifth grade 10 years. 

t We are indebted to the followng New Haven physicians for the pririlego of 
examining the private school pupils: Drs. E. T. Wakeman, T. S. Evans, and H. B. 
Arnold. 
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to be higher than those recorded in Table 1. Nevertheless, it has 
not been our major effort to compare our incidence determinations 
with those of other surveys, but rather to compare the incidence 
found in different sections of our own group. 

From Fig. 1 it will be seen that the highest incidence of rheumatic 
heart disease (48.1 per 1000) was found among _male_ pupils attend- 
ing a “poor” urban public school, and that this incidence was 1.5 
times higher than that found among a similar group of pupils 
attending one of the “good” urban public schools (31 per 1000). 
It was 8 times that of the incidence among the best, or private 
urban schools in this community. It is unfortunate that this last 
group, representing as it does but 168 private school pupils, is so 



Fig. 1. — The incidence of rheumatic heart disease in public and private urban schools, 
and public suburban schools. 

332 pupils from “ poor” urban public school. 

— — 258 pupils from "good” urban public school. • 

2738 pupils from rural and suburban public schools. 

Of these 968 = age 12-16; 768 = age 8-10: 1002 = age 4-5. 

168 pupils from private urban schools. 

small and that their ages cover a wider range than that of the public 
school pupils. As previously mentioned, however, a large percentage 
of the private school population in New Haven was included in our 
examinations and, owing to the small size of the group, limitation 
to a particular age was impractical. 

The incidence determinations on public school children from the 
rimal and suburban groups in which no attempt has been made to 
divide schools into “poorer” and “better” types is also shown in 
hig. 1. The rate among suburban and rural public school children 
of an age comparable to that of the urban group was found to be 
about 30% lower than that of the “good” urban public school. 

Discussion. Our determinations of the incidence of rheumatic 
heart disease among poverty stricken and other groups of school 
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children from New Haven and its suburbs seem to bear out tlie 
results of our previous studies on University students. They furnish 
numerical evidence that in and about this particular city of the 
United States, rheumatic heart disease found its highest prevalence 
among the poorest children living in an urban environment. As 
it has been impossible to measure the actual degree of poverty or 
affluence in the different groups, or the degree to which those who 
lived outside the city represented a truly rural group, our figures 
designating actual heart disease rates are only of relative significance. 
The most striking finding was that rheumatic heart disease was 8 
times as prevalent among pupils attending a school from the poorest 
section of the city as it was among pupils attending private urban 
schools from the best residential sections. 

One gets the impression from these determinations that in New 
Haven rheumatic heart disease has a low incidence among the small 
group of children who represent the homes of greatest affluence, but 
that it has a high general incidence throughout the remaining 95 
or 98% of the population. Thus the high incidence found in the 
"poorer” public school was but 1.5 times that found in the "good” 
public school. This is a small difference. To some extent this 
impression partially reflects the English view previously quoted, 
that rheumatic fever is a disease of “children of the artisan class.”" 

It is our belief, however, that owing to the nature of the methods 
employed and the difficulty of applying diagnostic criteria in the 
border-line cases, our data are still inadequate for broad generaliza- 
tions on the social incidence of rheumatic heart disease. Our deter- 
minations give but a bird’s-eye view of the situation. As a further 
method of increasing knowledge on this subject it has seemed to 
us that a more intimate study of small communities relating poor 
and fair living conditions to the prevalence of rheumatic fever is 
the next step. The report of a study of this latter type will be 
made in a subsequent paper. 

Summary. 1, In an attempt to determine the influence which 
poverty and urban environments may play as predisposing factors 
in rheumatic fever, the incidence of rheumatic heart disease has been 
determined in groups of children between the ages of 5 and 18, 
attending urban and suburban schools in and about the City of 
New Haven. 

2. Data from the routine examinations of 5758 public school 
children performed by school physicians suggested that systolic 
murmurs, presumably of rheumatic origm, were roughly 1.5 times 
as prevalent among children from the poorer districts than from the 

better districts of the city. _ , . . 

3, From our own examinations of 758 urban children, the inci- 
dence of rheumatic heart disease in a single large public school in 
one of the poorest districts of the city was found to be 48.1 per 1000. 
This proved to be 1.5 times as high as that found in a public school 
in one of the better districts of the city, but 8 times as high as that 
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found among a smaller group of pupils from urban private schools 
who came from the best districts in the city. 

4. The average incidence of rheumatic heart disease among 
pupils attending two urban public schools was about twice that 
recorded among pupils of a similar age group who attended suburban 
and rural public schools. 
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A SURVEY of the literature has failed to reveal any considerable 
body of data from which one may draw any conclusions regarding 
the actual immunity against reinfection that is conferred upon an 

* This study was aided, in part, by a grant given in honor of Francis Weld Peabody 
by the Ella Sachs Plotz Foundation. 
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individual as a result of an attack of pneumonia. It is of interest, 
therefore, to review certain features of a series of 57 cases with 
repeated attacks of pneumonia from which serologically identified 
pneumococci were obtained during each of 2 or more attacks. 

A history of pre^^ous attacks has been noted by various writers 
in from 13.6 to 31 % of pneumonia cases.' Many repeated attacks 
have also been encountered rather commonly.'-^ As many as IS,''' 
or even 28 attacks,^ in the same patient have been noted. Among 
the theories offered to explain this high incidence of recurrences 
are: (1) That one attack of pneumonia predisposes to another;'*'-''’ 
(2) tliat there is a local loss of resistance in a lobe once affected by 
the disease;'*' (3) that there is an indiwdual constitutional predis- 
position to pneumonia;'*'-'* (4) that wrulent organisms may persist 
after recovery and later give rise to reinfection;® and (5) that the 
individuals attacked have a lower level of natural immunity.''’ 
Other explanations have been based on the recent advances in our 
knowledge of the biologic specificity of different t.ypes of pneumo- 
cocci^ and of the immunity resulting from infection or from artifi- 
cial immunization with these organisms.® Thus, Irons® intimates 
that the recurrent attacks are each due to a different type of pneu- 
mococcus. Cole concurs in this opinion but excludes Type III 
and Group IV cases from this category, the former because of the 
irregular and low-grade character of tlie resulting immunitj^ and 
the latter because of the heterogenicity of strains within the group. 

There are mentioned in the literature only scattered instances of 
repeated attacks of pneumonia in the same patient with adequate 
bacteriological data during each attack. Stillman® noted a case of 
Type II pneumococcus pneumonia in a patient who had just recoi- 
ered from a Type I pneumonia but was meanwhile exposed to a 
brother who was suffering from Type JI pneumonia. Robertson'® 
reported a case of Type I lobar pneumonia, probably resulting from 
direct laboratory infection, which was followed several months later 
by Tjqie II lobar pneumonia similarly acquired. On the first dai- 
of the second attack this patient showed slight bactericidal power 
for Type II pneumococci in his blood, presumably indicating that 
he was not unusually susceptible to these organisms. Cole’s case 
with IS attacks of pneumonia was typed in the last 7 attacks. 
Type III was obtained during 4 attacks, and 'Tj'pe I, Group IV 
and Type II atypical in the others.'*^ Cole'^ and Thomas" each 
reported 1 case of recurrent Type I pneumococcus pneumonia in 
which serum was given during each attack. Cole’s case recmred 
in the same lobe after S months; Thomas’ case recurred in a differ- 
ent lobe after 1 month. The latter autlior also noted 2 cases in 
which pneumonia recurred but was due to a different type. Cecil'® 
and Cole'^ mention repeated attacks of Tj-pe III pneumococcus 
pneumonia, and the former also speaks of relapses due to the same 
type occurring after a few days in serum treated cases of Tj-pe I 
pneumonia. 
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Selection of Cases. The following criteria were used in selecting the cases 
for this study; (1) Each patient had 2 or more distinct attacks of pneumonia 
wth characteristic physical and roentgenographic findings during each 
attack. (2) A pneumococcus was isolated and its type identified sero- 
logically during each of 2 or more attacks. (3) Each patient was discharged 
and well before the onset of the succeeding attack, this criterion being 
used arbitrarily to distinguish ‘‘recurrence” from what may be termed 
“relapse.” In several instances, the data relating to additional typical 


Table 1.— RfisuMfi of Case Histokies op 20 Patients with Recurrent 
Pnbumococcic Pneumonia Having Type I Pneumococci in First 

Attack. 
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attacks of pneumonia observed in tlie hospital are also recorded although 
bacteriological observations were not made. Standard methods were 
employed in the isolation and typing of pneumococci.^® 

Hesume and Analysis of Cases. The more important features 
of these cases which may be of interest in evaluating local and 
general immunity are presented in Tables 1, 2 and 3. The features 
to be considered with respect to each attack are: (1) The character 
and location of the pulmonary lesion. (2) The duration and mode 
of termination of the acute disease. (3) The length of the interval 
between attacks. (4) The bacteriologic findings in the sputum 
and blood. (5) Specific serum therapy, (fi) Complications. 
(7) Immunologic findings in a few instances where such were made 
in connection with various other studies. 


TABiiE 2.— RisnMfi OP Case Histories of 18 Patients with Recurrent 
Pneotiococcic Pneumonia with Tvfe II or III in First Attack. 
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Table 3.— RisuMB of Case Histories or 19 Patients wmi Rewrrent 
Pneumococcic Pneumonia with Pneumococcus Other Than Iyfe 
T TT on III IN First Attack. 






~ 

r 

Intci^^al 










c! 

from 





u 

o 



d 

.2 

*0 

.11 

previous 

attack. 

3 

u 

u 

S'® 

Remarks. 

E 



CJ 

> 

■« B 



CJ 














3 

S 



"o 

m 

CJ 

E 2 

n 

Ih 


£ a 

3 ^ 

tc'® 

•cj-6 

other organisms, etc.). 

CO 

X 


B 


u 6 

o 

o 

C 




Q 

m 

< 

O 


Ex 



Ph 

02 



39 

M. 

32 

b 

B1 

bll 



IV 


Pseudocrisis 6t]i day. 


40 

M. 

35 

9 

L 

L 

PlmuLl 

LI 

b 9 

C 6 

3 

3 

b 

0 

1 

IV 


beft sterile pleural 

effusion. 

41 

M. 

9 

38 

L 

L 

bi 

Rlmu 

C 6 

E 


5 

Ila 

IV 


Lr = u. 

H. Inf. in sputum, bronchopn. L\ (Str. 
Hem.) 2 months later. 



47 

L ■ 


D 7 

0 

2 

I 


BC = I, PM jaundice. 

42 

M. 

14 

L 

1.1 

CIO 


IV 


bP = 0, H. Inf. in sputum. 

15 

L 

bl 

bll 

1 


IV 


H. Inf., Str. Hem. and B. muc. caps. 








in sputum. 




16 

L 


c s 

1 


IV 

, , 

Chronic bronchitis. 


43 

r. 

22 

b 

1,1 

b 6 

15 


IV 



24 

T, 

III 

L 6 

1 

8 

IV 


Tonsillitis. 


44 

M. 

12 

b 

bl 

C 6 

3 

IV 


Chronic bronchitis, 

pscudocrisis 4th 







day. 




13 

b 

HI 

C 4 


10 


. . 

No satisfactory bacteriology. 



13 

b 

bl 

C 6 


1| 

II 


Chest clear 2d week. 


45 ' 

M. 

2 


blRl 

C 6 

1 


IV 


On ward dur- 

2 

L 

blRl 

L 5 


1 

IV 


Chest clear 3d w’eek, 








otitis media. 

ing 3 attacks. 



2 

b 

bl 

C 5 


1 

IV 


Chest clear 2d week. 

► Kept because 



2 

b 

bl 

C 3 


1 



No satisfactory bac- . 

1 of ward quar- 









teriology. 

1 antine. 

46 

F. 

22 

b 

Lu 

T- 6 



IV 

. . 





32 

b 

R1 

b 7 

io 

6 

VIII 




47 

M. 

21 

T, 

Rubl 

T,12 


IV- 


Colored, syphilis, jaundice. 


31 

T, 

R1 

C 3 

9 

2 

vin 


BC = vni. 


48 

F. 

56 

T, 

Lu 

b 9 

1 


IV 


Hypertension, 2 previous attacks. 


63 

b 

bul 

D18 

7 


III 


Delirium, fell from bed and fractured 










femur 11th day. 


4d 

M. 

28 

T, 

Ru 

r. 9 





Acute and chronic alcoholism. 



30 

b 

Ru 

0 7 

2 

2 

IV 

H3 





36 

b 

Rul 

b 7 

6 


I 

A4 



SO 

F. 

29 

b 

R1 

C 9 

1 


IV 


Many previous attacks, asthma; 











chronic bronchitis. 




37 

B 

R1 

a 7 

7 

4 

II 




51 

M. 

31 

b 

R1 

T, 8 



IV 


Asthma and clironic bronchitis. 



39 

b 

bl 

bio 

7 

b 

I 


Chronic alcoholism. 


52 

F. 

36 

B 

bl 

blO 



IV 


Decompensated rheumatic heart. 



38 

B 

iRl 

b 6 

2 


X 


Cardiac decompensation. 

53 

M. 

14 

b 

bl 

c; 7 

2 


VII 


3 previous attacks. 




16 

b 

Rm 

C 7 

2 


Pn 



54 

M. 

40 

b 

R1 

015 



VIII 


Colored, right sterile efTusiun. 

55 

M. 

40 

b 

Rul 

E 


3 

I 

A7 

Empyema, PF I. 


12 

b 

R1 

<: 5 



VII 

A4 




13 

b 

R1 

C 4 


11 

I 

A3 



56 

F. 

22 

B 

R1 

I, 6 



IV 




57 


24 

b 

R1 

0 5 

2 


I 

K4 



M. 

50 

b 

bl 

C 8 



Ila 


Str. Hem. in sputum. 



50 

B 

Rlbl 

bl6 


j 6 

IV 


Str. Hem. in sputum. 


Explanatory Note. Tables 1, 2 and 3. 

Cases 17, 18, 20, 31, 35, 36, 37, 55 and 57 are from the New Haven Hospital. 

Cases 3, 20 and 39 were previously reported by Thomas." 

Case 13 was reported by Kohn, L. A. (J. A. M. A., 86, 1888, 1925) from the 
Peter Bent Brigham Hospital. 


Abbreviations Used Under Various Headin/js. 

Sex: M = male; P = female. Consolidation: L = lobar; B = patchy (bron- 
chopneumonia). Lobes: R = right; L = left;! = lower; u = upper; m = middle. 
Termination: C = crisis; L = lysis; D = died; E = empyema; “day” = days 
after onset. Type: IV = No agglutination with Type I, II or III; Pn = No agglu- 
tination with Types I— XX (inch). Serum: Kind: S = Unconcentrated, homolo- 
gous type antiserum; H = Huntoon’s antibody (Types I, II and III); A = Felton’s 
concentrated antibodies (Types I and II); K = Keyes’ chicken serum. Remarks: 

= Blood culture (sterile cultures are not noted) ; O = Sterile; I, II, etc. = Pneu- 
mococcus Type I, II, etc.; LP = culture of lung puncture material; PF = Pleural 
fluid; PM = Postmortem; HB = Heart’s blood culture; H. Inf. = Hemophilus 
influenz®; Str. Hem. = Streptococcus hemolyticus; B. muc, cap. = Bacillus mucosus 
capsulatus (Friedlander) . 
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Age, Sex, Color. Most of the patients were adult white males. 
There were 5 patients under 12 and 7 patients over 50 3 'ears of age 
during the first attack. Nine of the patients in this series were 
females; 7 of the males and 1 of the females were colored. 

Character of the Pulmonary Lesions. (Table 4.) The pulmonary 
lesion in 72% of the cases was lobar in distribution during each 
observed attack. There were 3 such attacks in each of 6 patients 
and 4 in 1 case. In all but 4 of the remaining cases an “atj'pical” 
or patchy lesion (bronchopneumonia) was observed onlj' during 
the recurrence. The 7 cases hawng the same pneumococcus tj^pe 
(excluding Group IV) in both attacks all had lobar pneumonia in 
the first attack. The lesion during the recurrence in these cases 
was lobar in 4 instances and patchj’^ in the others. 


Table 4. — Compabison of Eahly Attacks and Recurrences. 


All Cases. 


Pulmonary Lesion: 

In first attack. In recurrence. Number of cases. 

Lobar Lobar 41 (72%) 

Lobar Atypical 12 

Atypical Lobar 2 

Atypical Atypical 2 


Non-fatal Cases. 


Duration o{ Acute Disease: 

Same ( 1 day) in both attacks 


Number of cases. 
. 23 f45%) 


Recurrence 2 or 

more days longer .... 

11 

Recurrence 2 or more days shorter .... 

17 

fodc of Termination: 


First attack by. 

Recurrence by 


Crisis 

Crisis 

.... 25 

Lysis 

Lysis 

. . . . 12 

Crisis 

Lysis 

. . . . S 

Lysis 

Crisis 

7 

Crisis 

Empyema 

. . . . 1 

Empyema 

Lysis 

. . . . 1 


: } (69%) 


Fatal Cases. 

First attack. 


Case 

No. 

Mode of 
termination. 

Complications. 

19 

Crisis 

Str. Hem. in sputum 

23 

Crisis 


31 

Crisis 

Acute alcoholism 

33 

Crisis 

Postoperative 

.6 

Lysis 


18 

Lysis 

Bacteremia, alcoholism 

28 

Lysis 

Marked bacteremia 

47 

Lysis 


7 


Empyema 

37 


Empyema 

40 


Empyema 


Fatal attacks. 

Diabetic coma; Str. hem. empyema. 
Prolonged congestive heart failure. 
Pericarditis. 

Postob-; Str. hem. pericarditis and 
mediastinitis. 

Chronic nephritis, arteriosclerotic 
heart. 

Delirium tremens. 

Bacteremia. 

Fracture femur. 

Postop.; pericarditis; endocarditis. 
Heart block, cardiac failure. 
Jaundice, bacteremia. 
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Secondary Fnexmonias. In 16 instances the attacks of pneu- 
monia were secondary to conditions other than common colds. 
These attacks were secondary to operative procedures in 4 instances, 
congestive heart failure in 5, asthmatic attacks in 4_ instances and 
fractured ribs, pertussis and diabetic coma each in 1 instance. 
The pulmonary lesion in 9 of these secondary attacks was patchy 
in character. In addition, 7 of the patients were chronic alcoholics 
who were more or less under the influence of alcohol at the time of 
each admission. 


Tabi.e 5.— Compahison of Lung Ik\'Oi.vemf:nt During the First and 
Subsequent Observed Attacks of Pneumonia.* 



t 2 cases with same type both attacks. 
t One of these cases had the same type during both attacks. 

Location of the Fidmonary Lesion. In Table 5 are shonm the 
numbers of cases having various lobes of the lung involved during 
the first observed attack, and these are correlated with the Ipca- 
tion of the lesion during the recurrence. If due allowance is made 
for the small numbers with which we are dealing, it may be said 
that the various lobes were involved with the usual frequency 
during both the early attacks and during the recurrences. Further- 
more, there was no constant correlation between the site of the 
initial involvement and that of the reinfection. Thus, among the 
32 cases mth right-sided involvement during the first attack and 
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among the 26 cases with the left-side involved in this attack, about 
the same proportion of cases involved the right and the left lung, 
respectivelj', during the recurrent attack. Bilateral lung involve- 
ment, however, was twice as frequent during the recurrence. The 
site of the original lesion was involved during the recurrence in 
36 instances (56%). Three of the 7 cases ha^dng the same fixed 
pneumococcus type during 2 successive attacks showed more 
extensive involvement during the later attack, and in 5 of them the 
original site was again affected. 

Mortality. The death rates in this series are considerably lower 
than those obtaining in the general run of cases.“ They are shown 
in Table 6. Survival, however, is not the only criterion which 
differentiates mild from severe infection. Other features may be 
compared, however, and these may reflect to some extent the 
character of the different attacks. 



TABtE 6 .— Mortality 

Number of 

Diet! in later 

Per cent. 

Arc in first attack. 

cases. 

attack. 

fatal. 

29 or less .... 

... 31 

2 

6.0 

SO to 49 

... 20 

0 

.30.0 

60 or over .... 

... 6 

3 

50.0 

Total .... 

... 57 

11 

19.0 


Number of 

Attacks 

Per cent 


nttacke. 

fatal. 

fatal. 

Specifically treated . 

. . . 20* 

0 

0 

Not specifically treated 

. . . 90 

11 

11.5 


— — 

— 



Total .... 

. . . 122 

11 

9.0 


* 15 received serum during the first attack and 1 1 during the recurrence. 


Duration of Acute Disease and Mode of Termination, It is inter- 
esting to compare the duration of the acute disease and the mode 
of termination in the different non-fatal attacks. Crisis, for this 
purpose, is arbitrarily defined as a permanent drop in temperature 
to below 101° F. with coincident marked alleviation of acute 
symptoms within a period of 24 hours. A more prolonged subsidence 
of fever and symptoms is called lysis. In this connection, it is 
also worth noting the mode of termination of the earlier attacks 
and some other features in the 11 cases which later ended fatally. 
These comparisons are shown in Table 4. In general, the succes- 
sive attacks were quite similar in each indimdual as regards dura- 
tion of the acute illness and mode of termination. In the fatal 
cases where definite complications did not account for such outcome 
the preceding attack was severe or otherwise complicated. In none 
of the fatal cases was the recurrence of the same pneumococcus 
type as the preceding attack. 

' Interval Behoeen Attacks. (Table 7.) The shortest interval 
between attacks which were observed and were associated with 
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serologically identified pneumococci was 4 weeks, the longest 
interval was 11 years and 8 months, and the average was about 
4 years. Of 19 cases recurring within a year, 4 lyere of the same 
pneumococcus type. These were each treated vuth specific anti- 
serum in the first attack. The second attack in these cases occu^ed 
4 weeks, 6 weeks, 7 months and 9 months later, respectively, ihe 
average interval between attacks that were of the same pneumo- 
coccus type was 28 months. 


Table 7. — iNTEnvAL BEmvEEN 
Interval. 

Less than 2 months .... 

2 to 6 months 

7 to 12 months 

1 to .3 years 

3 to 5 years 

5 to 10 years 

10 or more years .... 


Attacks of Pneumococcus 

Number of 
cases. 

.... 5 

... 6 
. . . S 

12 

.... 10 

10 

... 9 


Pneumonia. 

Number with 
same type.* 

2t 

0 

2t 

1 

1 

1 

0 


Total 90 7 

* Excluding cases with Group IV on successive occasions, 
t Both serum treated Type I cases, interval of 4 and 6 weeks, respectively, 
i Both Type II oases, interval of 7 and 9 months, respectively; each serum treated 
during first attack. 

Average interval between attacks in all cases— approximately 4 years. 

Average interval between attacks due to same type — 2 J years. 


Table 8.— Comparison of Types of Pneumococci Recovered During Early 
Attack and During Recurrence.* 


Type at 
first observed 
attack. 


Type during recurrence. 


Total 
(first 
attack) . 

Distribution 
per cent 
(first attack). 

'l. 

U. 

III. 

Others. 

I 

4 ? 

52 

3 

8* 

20* 

33 

II 


22 

1 

4‘ 

12* 

20 

III 

3 

1 

I 

1 

6 

10 

Others 

72 

2 

1 

12 

222 

37 

Total 

(recurrence) 

19 

10 

6 

25 

GO 

100 

Per cent 
distribution 
(recurrence) 

32 

17 

10 

42 

100 



* Exponents represent the number of cases receiving specific serum during earlier 
attack. 

Type II atypical included in Group IV. 


P.neumococcns Types. The numbers and percentages of cases 
from which the various types of pneumococci were obtained during 
the early and the succeeding attacks are correlated in Table 8. 
When due allowance is made for the small numbers concerned, the 
distribution of cases among the various types during. the early 



318 FINLAND, WINKLER: PNEiaiOCOCCUS RNETOIONIA 

attacks and during the recurrences is very similar to that found 
in any large series of cases of pneumococcus pneumonias. There 
was obwously no correlation between the types obtained during 
the different attacks. For example, the 20 cases with Type I 
pneumococci during the first attack Lad about the usual distribu- 
tion of types during the succeeding pneumonia and, conversely, 
the 19_ patients having Type I pneumococci in the later attack 
were similarly distributed among tlie different tj'pes during the 
first attack. The same was true for the other types. 

The same type was isolated during the later attack in 4 of 13 
cases in which homologous type antiserum had been given for a 
previous attack. It will be noted from Tables 1 and 2 that in 3 of 
these 4 treated cases (Cases 13, 27 and 36) the original lobe was 
involved during the recurrence. 

Only a small proportion of the Group IV pneumococci in the 
present series were definitely classified according to the new sero- 
serologic types of Cooper.^ In 5 of the 12 cases, however, in which 
pneumococcus types other than I, II or III were obtained during 
successive attacks, the finding of an atypical Tj^ie II, Tj'pe VIII 
(atypical III) or absence of agglutination for the original tj^ie 
indicated that the two attacks were probably associated with 
different types. Other organisms, chiefly hemolytic streptococci 
and influenza bacilli, were isolated in some instances in addition to 
the pneumococcus. 

Bacteremia, In most of the cases in this series blood cultures 
were made on one or more occasions during each acute attack. 
Positive cultures were obtained in 9 of the 47 cases (19%) in which 
cultures were made during the first attack; In the latter attack 
6 of 52 cases (12%) yielded positive blood cultures, and 3 of these 
6 cases ended fatally. Only 1 patient had a positive blood culture 
during successive attacks, the latter one prowng fatal. In most 
large series of cases bacteremia is usually demonstrated in about 
30% of cases.^^“ 

Specific Therapy. Some kind of specific antipneumococcus serum 
was used in the treatment of 26 attacks in this series. (See Tables 1, 
2, 3 and 7.) In 15 cases the serum was given during the first attack, 
and these alone are of interest for the purpose at hand. These 
15 cases fall into 3 groups. In the first group are 7 patients in 
whom the recurrence was associated with a pneumococcus of a type 
not contained in the antibody administered. In the second group 
are 4 patients who were given a polyvalent antibody for the first 
attack and who had a recurrence with a pneumococcus type included 
in this antibody but different from the type causing the original 
infection. In the third group are 4 patients receiving homologous 
antiserum and having recurrences with the same type of pneumo- 
coccus. Cases 3 and 13 received homologous antiserum for a 
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Type I infection and had .a recurrence with the same type 4 and 
6 weeks later, respectively; and Cases 27 and 30 each had Type II 
pneumonia, were given concentrated Type I and Type II antibodies 
(Felton) during the height of the disease and had recurrences with 
the same type 9 and 7 months later, respectively. The pulmonary 
lesion in Cases 13, 27 and 30 was somewhat more extensive during 
the recurrence, but the site of the original attack was also affected 
during the recurrence. In Case 3 the later attack involved a differ- 
ent lobe. ' . j. 

Imimniiy Reaction. Data concerning antibodies are available 
in 7 of the patients, including 4 who were treated with serum during 
the first attack. All had antibodies for the homologous type after 
each attack. Only 1 patient (Case 29) had antibodies for the 
original type of pneumococcus at the time of the recm-rence, 1 year 
later. In Case 27 the homologous Type II antibodies disappeared 
within 2 weeks after serum treatment, and pneumonia due to the 
same type recurred in 9 months. In Case 16 there was a sponta- 
neous recovery with a high titer of homologous (Type I) antibody 
persisting for several months, but pneumonia recurred with the 
same type about 3 years later. 

Comment. The cases in this study were included, after a search 
of more than 5000 “typed” eases in two large hospitals, because 
they were the only ones found to satisfy the criteria set down. No 
attempt was made to determine the exact incidence of previous 
infections in the entire group of pneumonia patients in these clinics 
because it was felt that the histories could not always be considered 
reliable and no satisfactory information could be obtained regard- 
ing the details of such illness, especially in regard to etiology. It 
is interesting to note, however, that among 1000 consecutive 
“typed” cases of pneumococcus pneumonia in which data on this 
point were recorded, a history of one or more attacks before admis- 
sion was noted in 16.5%. Indeed, in the present series, 6 cases 
were observed in 3 attacks, 1 in 4 attacks and 13 (23%) gave a 
history of one or more attacks of pneumonia previous to the first 
entry to the hospital. These figures correspond to those recorded 
by other miters.^ A review of the case histories of 1000 consecu- 
tive medical patients treated for diseases other than pneumonia, 
however, revealed that 14% of these individuals gave a history of 
one or more attacks of pneumonia prior to entry. 

With respect to the character of the different attacks, most of 
the data presented seems to indicate that, in general, the successive 
attacks, considered as a group, were very similar. The duration 
of the disease and mode of termination were similar. Bacteremia 
was nearly as frequent, and the distribution of the sites of the lesion 
and of the different pneumococcus types was very similar in the 
early and in the later attacks. Among the fatal cases, either there 
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was some other important contributing factor in the fatal attack 
or the preceding attack was also unusually severe. 

The group of later infections did differ, however, in two important 
respects; (1) Bilateral involvement was twice as frequent; and 
(2) the instances of bronchopneumonia occurred chiefly in the last 
attack. With respect to the former it may be noted that in 14 of 
the 18 instances where there was more extensive involvement in 
the later attack, the site of the original infection was again involved. 
This, and the fact that in 16 other instances the same lobe was 
involved in successive attacks, indicates that there is certainly no 
increase in local resistance. 

With regard to the instances of “atjqiicar’ or bronchopneumonia, 
two points may be mentioned which suggest that this tjqie of lesion 
may indicate a greater susceptibility during the later disease. 
First, the types of pneumonia generally associated with such 
lesions are frequently avirulent for animals, in contrast with the 
highly virulent pneumococci, usually Tjqies I and II, associated 
with typical lobar pneumonia.® In a recent study*^' it was further 
■shown that where the same tjTpe of pneumococcus causes both 
lobar pneumonia and bronchopneumonia, the cases with the latter 
t}'pe of involvement are more often secondary to other diseases 
and have a much higher fatality rate, presumably indicating a 
lower resistance brought about by the primary disease. 

In only 4 instances was there any evidence suggesting that per- 
sistence of the original virulent organisms may have accounted 
for the recurrence. These were the 4 cases in which reinfection with 
the same type occurred within a year. In 1 of these cases, however, 
careful study of the sputum on several occasions after the first few 
days of the original infection failed to reveal the Type II organism 
originally in the sputum and blood and which was again recovered 
from the sputum at the time of the second attack. 

That the specific humoral immunity resulting from reinfection or 
immunization with pneumococci is of brief duration is well recog- 
nized. Occasional instances of persistent antibodies for a year or 
more, such as was noted in Case 29, have been observed before.^* 
The measures of immunity usually employed, however, are not 
very delicate, and the interpretation of these immune reactions in 
terms of actual susceptibility in man is not clear. In the only case 
in this series where immunity to any type was demonstrated early 
in the disease, the infection was caused by another tjqie. The 
demonstration of circulating tjqje^specific antibodies, or even of 
tissue immunity, if the specific skin reactions may be interpreted 
as such, does not preclude later infection with the same pneumo- 
coccus type. Nor do the present data indicate that specific serum 
treatment seriously alters the future susceptibility to the same type. 
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although specific antibodies can be demonstrated for shorter periods 
in such cases as compared with those recovering spontaneously d® 
Summary and Conclusions. In this paper is presented a study 
of 57 cases having recurrent attacks of pneumonia associated in 
each instance with serologically identified pneumococci. 

An analysis of the major features of the early attacks and of the 
recurrence fails to indicate any marked change in the local or 
type-specific susceptibility. 

The distribution of types of pneumococci and of the sites of the 
pulmonary lesion, both in the early and the late attacks, was very 
similar to that usually observed in pneumococcus pneumonia. ^ 

A larger number of cases had more extensive and “atypical” 
lesions during the recurrent attack. 

Specific serum therapy in the first attack in general had no 
marked effect on the character of the recurrence. Early recurrences 
with the same type, however, are more frequent among the serum- 
treated cases. 
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The observations of Gay and his associates'”^ have indicated 
that the type of cell present in the pleural exudate, experimentally 
induced in rabbits, has a determining influence on the establishment 
and the course of local streptococcic infections, and possibly, also, 
on those with the [jneumococcus.® In the course of pneumococcic 
pneumonia in man, there is always some pleural reaction, and actual 
effusion may he present in a large percentage of cases. In some 
instances, such an effusion remains sterile and is absorbed; in others, 
it becomes infected and may require intervention. A study of such 
effusions, at various stages of pneumonia, was undertaken in the 
hope that information might be obtained in regard to their probable 
course and outcome. The immunologic characteristics of such 
fluids have already been reported by one of us.’ The present study 
concerns the cytology of such fluids as revealed by a supravital 
technique which gives a clear differentiation of the cells and also 
yields information regarding their viability and activity. 

The presence of pleural effusion in pneumonia has long been recog- 
nized,®~‘<’ Its frequency has been indicated by many observers, some 
of whom differentiated between the benign serofibrinous fluids and the 
serious purulent type.’'*"'® Studies of the cells in such fluids were made by 
Quincke-** and by Ehrlich,®* the latter using stained preparations. Widal 
and his associates,®®-®® however, were the first to indicate the diagnostic 
significance of the cytological formula. TJiey recognized the presence of 
“macrophages” and lympliocytes late in pneumonic effusions which 
remained sterile. Similar observations were made in occasional cases by 
Dopter,®* and by other miters®*'-®® in the pneumonias of infants by Ylppo®’ 
and in an effusion of typhoid fever by Pepper.®* Eosinophilia, up to 65%, 
has been noted late in pneumonic effusions.®**"®® Studies of exudates, includ- 
ing occasional pneumonic pleural fluids, ivith the aid of ^’ital stains ha,ve 
been reported recently by Uijeyonahara®® who used soda carmin and by 
Hiekling®* who used neutral red. 

* This study was aided, in part, by a grant given in honor of Francis Weld Peabody, 

by the Ella Sachs Plotz Foundation. 
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Matevidls and Methods. A total of 53 fluids, 32 sterile and 21 infected, 
■were obtained from 32 patients mth clinical and roentgenographic e-vidence 
of lobar pneumonia . Pneumococci were cultured from the sputum or blood 
of each patient. With one exception fCase 25, in which the fluid became 
secondarily infected during an hemolytic streptococcus septicemia that 
complicated convalescence), the same type of pneumococcus was recovered 
from each infected fluid as was originally obtained from the sputum or 
blood. Agglutinating sera, Types I to ICK (Cooper^^) were used to type 
the pneumococci. Specific serum (Felton) was used in the treatment of 9 
of the patients. Novocain in a 1 to 2% solution was used for local anes- 
thesia. The hydrogen-ion concentration was obtained with the use of indi- 
cators by comparing vdth standard buffer solutions (Clark®®). 

The fluids varied in appearance from clear and straw-colored fluids which 
clotted readily, and which were called “sero-fibrinous” to hemorrhagic 
fluids and frank pus. In the latter there was little doubt as to the nature 
of the fluid, but in those which were seropurulent it was impossible to tell 
grossly whether or not the fluid was infected. 

A total leukocyte count and a differential count of 100 to 400 cells was 
made as soon as possible after the fluid was -withdrawn. In some instances 
accurate total counts were not made due to the rapid clotting of the fluids. 
The supravital technique employed was that described by Forkner®" which 
is a modification of the methods of Simpson®® and Sabin and their asso- 
ciates. It consists essentially in a study of the reaction of the various cells 
to two anilin dyes, neutral red and Janus green, which preserve their activity 
and undistorted morphology. Neutral red is an indicator which stains the 
specific granules and vacuoles different shades from red to yellow depending 
on whether they are acid or alkalin. Thus, the granules of eo-sinopliils, 
which are essentially alkalin, stain a yellowish color, while those of a baso- 
phil, which are essentially acid, stain bright red. Janus green, in the con- 
centration used, is a specific stain for mitochondria. These vary -with differ- 
ent cells and also with the age of the cells, being coarse in lymphocytes and 
fine in monocytes and tending to be more numerous in the more immature 
cells. Essentially the cells in these fluids were similar to those described 
in the blood or other tissues by the originator and the elaborators of the 
method.®®’®® Some of the characteristics of the cells, especially as they 
differ from those found in blood, will be discussed below. Examples of the 
appearance of most of the cell types encountered are sho-wn in Plate I. 

Cytologic Findings. The significant data relating to each of the 
patients and to the fluids are given in Table 1. These findings will 
be summarized in connection with the discussion of the various 
types of cells encountered. 

Polymorphomiclear Neutrophils. Four different forms were en- 
countered: (1) active; (2) rounded; (3) degenerating and (4) 
non-motile. The active forms were motile and had yellowish specific 
granules similar to those found in the cell of blood. They differed 
from the latter in 3 respects. (1) The “specific granules” stained 
poorly in many instances. (2) Red “segregation granules” were 
noted. These were, in reality, vacuoles filled with acid staining 
products of metabolism and were similar to the ones noted by Sabin®® 
bfood neutrophils in a case of pneumonia. (3) Large numbers 
of refractile globules” accumulated in the cytoplasm. Such heavily 
loaded cells moved sluggishljL While these cytoplasmic changes 
may represent increased phagocytic activity, they probably also 
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indicate cell damage, since similar refractile globules appear in dead 
leukocytes. The granules may be due to the inability of the cells to 
absorb some of the ingested materials but more probably indicate 
beginning degeneration. The rounded forms were similar to those 
found in blood. They probably represent a state of temporary 
or permanent inactivity. The degenerating and dead forms showed 
a characteristic reaction to neutral red. The former, if still living 
when the stain was applied, took up the dye very quickly, the nucleus 
staining a diffuse red, indicating that the cell died soon after being 
stained. The dead cells were rounded and failed to stain. Their 
cytoplasm showed a few refractile granules and the nucleus had a 
ground-glass appearance and formed a round swollen mass in the 
center of the cell. The non-motile cells appeared the same as similar 
cells in blood, but they were seen only rarely. Hickling failed 
to observe them in any of his cases. According to Sabin^® they 
represent cells about to die a natural death. Their rare appearance 
in these fluids may depend on their lack of motility. All of these 
forms were seen in varying proportions in the majority of the effus- 
ions studied. 

The predominance of neutrophilic polymorphonuclear cells in 
pleural fluids accompanying acute infections has been noted by all 
observers In the present cases these cells constituted from 
SO to 100% of leukocytes in the early uninfected fluids and prac- 
tically 100% in all the infected effusions. In fluids which remained 
uninfected, the proportion of these cells tended to fall rapidly, so 
that after the 8th day they constituted less than 60% of the cells 
in almost every case; whereas,' in those which later became infected 
they remained at, or rapidly reached, 100% (Fig. 1). In infected 
fluids the majority of these cells lost their motility and assumed 
first the rounded, then the degenerating and finally the dead form. 

Experimentally, the rounded forms and the faintly staining 
active forms could be induced in normal blood by mixing it with 
equal parts of 2% novocain solution before staining. The presence 
of novocain, however, probably did not account for the findings 
in the fiuids, inasmuch as only small amounts of novocain in sepa- 
rate syringes were used for anesthesia and care was taken not to 
introduce any into the pleural cavity. 

EomiophiJs. These were very similar in appearance to blood 
eosinophils. They were less motile than the neutrophils and con- 


Legeno fob Plate I. 

Pencil drawing of cells from pleural fiuids as they appear supravitally stained vdth 
neutral red and Janus green, ( X 1400.) 1, rounded polymorphonuclear neutro- 

phil: 2, active polymorphonuclear neutrophils; 3, active polSTnorphonuclcar neutro- 
phil with many refractile granules; 4, mesothelial cell; 5, small lymphocjde; 0, mono- 
cytes; 7, macrophage, with many red stained vacuoles; 8, macrophage with ingested 
polymorphonuclear neutrophil but only few vacuoles; 9, erythrocytes. 




Table 1.— Supbavital Dipfeuential Cell Counts of Pneumonic Pleuhal Fluids. 
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tained numerous large copper-colored .granules. They were en- 
countered, in significant numbers (12% or more), in the fluids from 
3 cases. These were all sterile effusions obtained after the middle 
of the 3d week of the disease, the highest percentage (71%) being 
noted on the 27th day and later in Case 15. 

Little is known about the function of eosinophils. Bunting'*'’ 
considers the breakdown products of lymphocjdes specifically 
chemotactic for eosinophils, thus explaining their occurrence in the 
lymph nodes in Hodgkin’s disease, Schwartz,-® on the basis of the 
association of eosinophilia and protein sensitiveness, suggests that 
the split products of protein absorption, such as occur in pleural 
fluids, are eosinotactic. The data for cases of pleural eosinophilia 
associated with pneumonia®®-®® as well as the experimental evidence 



Fig. 1. — Relation of polymorphonuclear neutrophils in pneumonic pleural fluids to 

the course of the disease. 

of Cunningham^* indicate that eosinophilia appears only in fluids 
of relatively long standing. This corresponds with the present 
findings. There was no particular correlation of the high eosinophil 
counts with the finding of numerous erythrocytes, as suggested by 
Cunningham** or with high percentage of lymphocytes as indicated 
by Bunting.*® Only moderate blood eosinophilia has been found in 
the reported cases of pleural eosinophilia,®® and this was also the 
experience in Case 15 as indicated in Table 2. 

Table 2.— Eosinophil Percentages in Case 15. 

Per cent eosinophils. 

Pleural fluid. Blood. 

. 71 .10 

. 70 12 


Day of disease. 
27 . . 

.37 . . 

43 . . 
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Monocytes as they appeared in the fluids studied were, for the 
most part, identical with those in the blood. The cytoplasm tended 
to form sharp pointed pseudopods and contained salmon-pink 
granules -and fine mitochondria. The nucleus was round or indented. 
Atypical forms were observed, however, in which the cytoplasm 
was edematous and billowed out widely around the nucleus. These 
forms probably represent early degeneration since similar forms were 
observed in the blood and novocain mixtures previously mentioned. 

Macrophages (Clasmatocytes) . These cells which were described 
in detail by Sabin'*- were large cells, each with single round nucleus 
containing nucleoli and with cytoplasm containing ingested erythro- 
cytes, other particulate matter and few or numerous vacuoles of 
varying color. These cells often occurred in clumps of 4 or more, 
usually associated with monocytes or other cells. 



Fiu. 2. Relation of mononuclear phagocytes in pneumonic pleural fluids to the 

course of the disease. 


Forkner*’ and other authors consider that, under stimulation, 
monocytes can become macrophages. In this study, the monocytes 
were not infrequently observed to become filled with a large number 
of vacuoles, making them morphologically indistinguishable from 
macrophages. These 2 types of closely related cells are, for con- 
venience, grouped together as mononuclear phagocytes. As will be 
seen from Fig. 2, these cells behaved in the reverse manner to the 
polymorphonuclear neutrophils. Early in the disease they were 
few or absent in all cases. In sterile fluids the percentage rose 
rapidly. In fluids infected early they failed to appear, and in those 
later becoming infected they rapidly disappeared. 

VOL, 18S, NO. 3. SEPTEMBER, 1934 12 
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The role of these phagocytic cells is not entirely clear. Ylppo-^ 
attributes to them the fact that the most serous effusions fail to 
become purulent. Petzetakis'*^ found that serous effusions accom- 
panying simple bronchitis in children have a high percentage of 
these cells early in the disease. This may account for the absence 
of empyema in such cases, the mononuclear phagocytes acting as a 
protective barrier. Gay and his coworkers'"^ showed that the clas- 
matocyte serves to protect against experimental streptococcic 
infections and, possibly, also against pneumococcic infections® in 
the pleura of rabbits. In the present series only 3 of the 20 cases 
with a total of over 10% of combined monocytes and macrophages 
ever became infected. 

Lymphocyies. These were mostly small cells resembling the 
small lymphocytes of the blood, although a few cells of intermediate 
size were usually present. Significant numbers (over 10%) were 
observed in 9 cases, one of which had infected fluid at the time and 
2 others in which the fluid later became infected. With one excep- 
tion (Case 22), more than 10% lymphocytes were observed late in 
the disease and after the crisis. Their appearance followed several 
days after the rise in mononuclear phagocytes. 

Some defensive role is generally assigned to lymphocjdes in 
certain infectious diseases, particularly in tuberculosis, where it 
is felt that an increase in these cells at the expense of the monocytes 
indicates an increase in the patient’s resistance. Reich and Reich^® 
found, during convalescence from severe infections, a shift to the 
left of the lymphocytic hemogram, similar to that which is commonly 
found with the polymorphonuclear cells during other infections. 
In the present series of cases there appears to be some relation 
between the lymphocytes and the resolution of the inflammatory 
process in the lungs, the appearance of these cells following, in 
sequence, after the height of the increase in the polymorphonuclear 
and in mononuclear phagocytic cells. They could not be considered 
entirely protective inasmuch as one-third of the fluids with over 10% 
lymphocytes became infected. 

Mesothelial Cells. These were very large cells containing 1 or 2 
nuclei characterized by a well-defined nuclear membrane and 
nucleoli. The cytoplasm was usually unstained and contained many 
small unstained refractile globules. Some contained, in addition, 
a number of red vacuoles of varying size (Plate I). Cunningham'*' 
described similar vacuoles in mesothelial cells from animals with 
marked peritoneal irritation and considered them a sign of degenera- 
tion. This author and Sabin'*'' consider these mesothelial cells to 
be fully differentiated cells which line the serous surfaces but have 
no phagocytic properties. They were seen, in the present series, 
fairly constantly as small numbers of desquamated cells. No tran- 
sitional forms were noted and none of the cells were seen to exhibit 
phagocytosis. 
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In addition to the cells described above, occasional myelocytes, 
foreign body giant cells and -polymorphonuclear basophils were noted 
(Table 1, footnote). The latter occurred in Case 15 in association 
with the increase in eosinophils. A similar basophilia was noted 
by Bayne-Jones in his cases of pleural eosinophilia.^“ 

Summary. A supravital technique was used to study the cytology 
of 53 pleural fluids from 32 patients with pneumococcus lobar 
pneumonia. The cell types encountered are described. Their 
occurrence and frequency are correlated with the outcome of the 
effusion and the course of the pneumonia. 

The cellular content of the infected fluids consisted almost 
exclusively of polymorphonuclear neutrophils in various stages of 
degeneration. In uninfected fluids the predominating cells, in the 
beginning, were active polymorphonuclear neutrophils, but these 
decreased in number during the first week at which time monocytes 
and macrophages appeared in the fluid. Later in the disease, after 
crisis had taken place, lymphocytes began to appear in these sterile 
fluids. 

Moderate to marked eosinophilia was noted in 3 cases. This 
occurred during the 3d week, or later, after the onset of the pneu- 
monia. 

The authors are indebted to Dr. Claude E. Forkner for much valuable assistance 
and advice throughout this study. 
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THE OCCURRENCE OF MYELOCYTES IN THE PERIPHERAL 
BLOOD IN LOBAR PNEUMONIA. 

By D. J. Stephens, M.D., 

INSTRUCTOR IN MEDICINE, THE UNn'ERSITT OF ROCHESTER SCHOOE OF MEDICINE AND 
dentistry; ASSISTANT PHYSICIAN, STRONG MEMORIAE HOSPITAE, 
ROCHESTER, N. T. 

(From the Department of Medicine, The University of Rochester School of Medicine 
and Dentistry and the Medical Service of the Strong Memorial Hospital and the 
Rochester Municipal Hospital.) 

The voluminous literature on the blood findings in pneumonia 
contains but few references to the occurrence of myelocytes in the 
peripheral blood. In 1898 Turk^ foimd that “mononuclear neutro- 
philic leukocjdes” occurred in small numbers during the acute stage 
of the disease, in larger numbers at the time of the crisis and imme- 
diately thereafter, and similar observations have been made by 
Gaitskell," Schindler® and Hittmaier."* In 26 of 36 cases of lobar 
pneumonia reported by these 4 authors, significant numbers of 
myelocytes were noted in the peripheral blood; the maximum myelo- 
cyte response occurred during the week following the crisis and 
varied in magnitude from 0.2 to 9.2% of the total leukocytes. In 
the available reports of others who have studied the blood in lobar 
pneumonia, myelocytes may have been included with stab forms 
under the heading of "immature neutrophils” but have not been 
mentioned specifically. In many of the patients described in the 
literature, hematologic observations have not been carried beyond 
the febrile period of the disease. 
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The investigation here reported was undertaken following the 
observation of a myelocytosis of considerable degree in the peripheral 
blood of a patient (R. P.) recovering from lobar pneumonia. The 
leukocyte response of 42 additional patients was studied in detail 
during the acute febrile and convalescent periods of the disease, 
using both fixed and supravitally stained preparations. In the 
majority, myelocytes were noted at some time during the period of 
observation. Especially noteworthy was the consistent appearance 
of a shower of myelocytes in the peripheral blood of convalescent 
patients during the immediate postfebrile period. 

Method. Total wliite blood cell and differential counts were done daily 
during the febrile period. In patients who recovered, observations were 
continued at daily intervals for several days after the temperature became 
normal, somewhat less frequently during the latter period of convalescence. 
A total of 574 fixed and supravital preparations were studied. AH of tlie 
differential counts (200 cells) were done by the author. In the fixed smears, 
using cover slips, Wright’s stain, buffered dilution. Schilling’s classification^ 
was used. The supra^dtal preparations were stained and studied by Sabin’s” 
and Simpson’s’^ method. In fixed smears, occasional mononuclear, granular 
cells were encountered, which were difficult to classify; such doubtful cells 
were uniformly classed as monocytes rather than as myelocytes or juveniles 
(late myelocytes). In the supraidtal preparations, the myelocytes observed 
were almost invariably the “CT” type (Sabin). As a rule, when myelocytes 
were encountered in the peripheral blood, both fixed and supravital prepara- 
tions were studied. 

Except as to the myelocyte, our observations of the leukocytic 
response in lobar pneumonia were in accord with recent reports 
and may be briefly summarized. In fatal cases, as well as in those 
patients who recovered, the total white blood cell counts varied 
widely from case to case, and during the disease in the same patient. 
A valuable index of prognosis during the febrile period of the disease 
was to be found in the percentage of “stab” netrophils from day to 
day. A significant shift in the proportion of neutrophilic elements 
often preceded clinical manifestations of change by many hours. 
In 12 of 13 fatal cases there was a definite increase in single lobed 
neutrophils before death (Chart I). In patients who were to 
recover, the percentage of stab cells often began to fall hours or 
days before the decrease in temperature or clinical evidence of 
improvement, and usually dropped to an approximately normal 
level within a day or two after defervescence (Chart II). In the 
great majority of instances, spread of the pneumonic process or the 
development of a complication was accompanied by an increase or 
persistent elevation of the stab percentage (Chart III). Eosinophils 
were absent, or rarely present in extremely small numbers, through- 
out the febrile period in both fatal and recovered cases; they reap- 
peared in small numbers at the time of crisis or lysis, and increased 
during convalescence. Convalescence eosinophilia was occasionally 
observed. The lymphocytes were miiformly decreased during the 
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febrile stage and gradually increased during the recovery period. 
A monocytosis at the time of defervescence or shortly thereafter, 
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Chakt I. —Neutrophilic leukocyte response of fatal cases. 



Chart II,— Neutrophilic leukocyte response’of^recovered'patients. 

recently emphasized by Hickling,® was observed in 13 of the 30 
recovered patients. In 5 of these the monocytes comprised 10, 10, 
10, 12 and 16% of the total leukocytes. 





STEPHENS: MYELOCYTES IN THE PERIPHERAL BLOOD 335 

In the great majority of patients, small numbers of myelocj'tes 
were fovmd in the peripheral blood during the early, febrile period 
of the illness. They were most frequently observed after the 3d or 
4th day of the disease and were rarely present in excess of I ox 2% 
of the total leukocytes. The degree and frequency of peripheral 
myelocytosis during the acute stage of the disease was approxi- 
mately the same in those patients who were to recover as in those 
who died (Charts I and II). 
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Chart III. — Neutrophilic leukocyte response in lobar pneumonia complicated by 

empyema. 


In 12 of the 13 fatal cases, myelocjdes were observed in the periph- 
eral blood at some time during the period of observation. In 11 of 
these, the myelocyte increase was not striking, ranging from 1 to 
3% of the total leukocytes. However, 1 patient (F. M.) exhibited 
a terminal increase in myelocytes to 12%. During the 5th and 6th 
day of the disease there was an apparent crisis, with drop, in tem- 
perature, total white blood cells and stab neutrophils, coinciding 
with clinical evidence of improvement. On the 7th day there was 
an abrupt increase in the percentage of stab cells from 21 to 50% 
with the appearance of 7.5% of myelocytes (regenerative shift to 
the left of Schilling) although the temperature and total white 
blood cell coimt remained low. The next day there was evidence 
of spread of the pneumonic process. During the subsequent 3 days 
there was a progressive decrease in the percentage of stab cells, but 
a steady increase in mj'^elocytes, total leukocytes, temperature and 




336 STEPHENS: jMYELOCYTES in the peripheral blood 


clinical evidences of toxicity. The patient died on the 11th day 
with clinical and pathologic evidence of widespread iineumonia, 
empyema and pneumonococcic meningitis. Of the fatal cases, 
this was the only one of our small series who 'exhibited a definite 
“regenerative shift to the left,” the prognostic significance of which 
has been stressed by Schilling. This was also the only patient in 
whom a terminal increase in the percentage of stab neutrophils 
was not observed. The temperature changes and the blood findings 
of this patient and of 4 other representative fatal cases are shovm in 
Chart I. Eosinophils, basophils, lymphocytes and monocytes are 
omitted from the charts. 


Table 1.— Hemogham on the Day of Maximum Myelocyte Response of Each of 
30 Patients Who Recovered From Lobar Pneumonia. 
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Remarks. 

R. P. 

12 

37.2 

11,850 

0.5 

1 1.0 

12.5 

7.5 

11.5 

42.5 

23.0 

1.0 

16.5 

Crisis 8 D. 

V. D. 

11 

37.5 

13,150 

0.0 

1.0 

16.0 

1.0 

4.5 

53.5 

19.0 

5.0 

15.0 

Crisis 0 D. 

L. P. 

10 

39.6 

43,600 

0.0 

' 2.5 

12.5 

3.0 

14.0 

59.5 

7.0 

1.5 

11.5 

Empyema. 

G. B. 

10 

37.0 

14,500 

0.0 

1.0 

10.0 

4.0 

6.5^ 

59.5 

16.5 

2.5 


Crisis 8 D. 

H. P. 

10 

38.0 

11,200 

0 0 

( 0 5 

9.0 

3.5 

14.0 

53.0 

18.0 

1.0 

13.0 

Crisis 8 D. 

.S. D. 

14 

37.0 

8,850 

0.5 

0 0 

9.5 

2.5 

3.0 

61.0 

18.5 

4.5 

10.0 

Crisis 9 D. 

Ch. C. 

14 

37.5 

13,600 

0 5 

: 3.0 

8.5 

2.5 

4.5 

56.0 

17.5 

2.5 

8.0 

Crisis 11 D., 

C. C. 

8 

37.5 

11,800 

0.0 

0.0 

8.5 

1.5 

34.0 

52.5 

3.0 

0.0 

11.0 

Empyema. 

e. C. 

7 

38.2 

19,800 

0.0 

! 0.0 

7.5 

1.5 

8.0 

67.0 

12.5 

3.5 

8.0 

Lysis 4-6 D. 

G. C. 

13 

38 7 

15,100 

1.0 

i 0.0 

8.0 

1.0 

2.5 

70.0 

15.5 

2.0 

9.0 

Empyema. 

W. K. 

10 

37.5 

10,700 

0.0 

^ 1.0 

8.5 

0.5 

4.5 

48.0 

34.0 

3.0 

9.0 
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12 
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14,200 
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1 1 5 
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10 
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2.5 
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1.0 

5.0 
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1.0 

7.0 
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11 

37.5 
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0.5 

1 0.5 

7.5 

0.0 

1.5 

72.5 

14.0 

3.5 

8.5 
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W. K. 

6 
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21.0 
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? 
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9 
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15 
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11,250 
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0.5 

4.0 

6S.5 
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15 

37.5 

11,000 
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10 
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7 

37.5 
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13 
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5 

37.5 

7,350 
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1 6.0 

1.0 

0.0 

7.0 

58.0 

20.0 

7.0 


Lysis 3-5 D. 

F. R. 

6 

40.2 

10,500 

0.0 

0.0 

0.0 

1.0 

23.0 

68.0 

18.0 

0.0 


Lysis 8-14 D. 


The most striking myelocyte response was observed in those 
patients who recovered. Although a mild myelocj'tosis was fre- 
quently observed during the febrile period, the maximum myelo- 
cytosis oceurred after the acute manifestations of the disease had 
subsided. The temperature and hemogram on the day of the max- 
imum myelocjAe response in each instance are shovm in Table 1. 
In two-thirds of the recovered patients, the myelbcjdes at their 
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maximum amounted to 5% or more of the total leukocytes; in 
almost one-third, to 10% or more; in 3 of them to more than 15%. 
The average myelocyte peak for the 30 cases was 7.5%. Of the 30 
patients, 27 recovered without complications; in the majority of 
these the myelocyte peak was noted from 1 to 5 days after deferves- 
cence (Table 1). In 2 instances (N. T. and P. W.), the maximum 
myelocytosis occurred during serum sickness. In general, the myel- 
ocyte response was greater in those whose temperature fell by 
crisis than in those who recovered by lysis, but apparently it was 
not influenced by age, sex, or type of pneumococcus. Myelocytes 
usually appeared a day or tivo before the drop in temperature, 
attained a maximum 2 to 6 days later, and in most instances dis- 
appeared from the peripheral blood within a week. At the time of 
the maximum myelocyte response in uncomplicated cases, the 
temperature and percentage of stab neutrophils had fallen to an 
approximately normal level; frequently, however, there was still 
a definite elevation of the total leukocyte coimt. Chart II shows 
4 typical neutrophilic responses. 

In 3 cases complicated by empyema a marked increase in myelo- 
cytes occurred at about the same stage of the disease as in uncom- 
plicated pneumonia, but persisted for a longer period of time. In 
patient C. C. (Chart III) a secondary myelocyte peak occurred 
at the height of the empyema and wus accompanied by an increase 
in the percentage of stab neutrophils; the blood picture from the 
15th to the 18th day was that of a progressive “regenerative shift 
to the left” and would ordinarily be interpreted as indicating a grave 
prognosis. If conclusions may be drawn from this small series of 
cases, the presence of immature myeloid elements in the peripheral 
blood in lobar pneumonia apparently has, at best, a very limited 
prognostic significance. One patient who died (F. M., Chart I) 
exhibited a definite “regenerative shift” on the 7th day, but the 
myelocyte increase occurred at about the same stage of the disease, 
in relation to the initial infection, as in recovered patients. 

Small numbers of myelocytes in the circulating blood during the 
febrile period of the infectious diseases are not unusual; they have 
been observed in sepsis and in many infections (Schindler,^ Schill- 
ing,® Naegeli®. and others). In these cases myelocytes usually appear 
in the peripheral blood at a time when there is a marked increase 
in neutrophilic stab forms and is interpreted as being due to excessive 
stimulation of the bone marrow, resulting in the premature delivery 
of cells before they have reached the stab stage in their develop- 
ment. In lobar pneumonia, however, the maximum myelocyte re- 
sponse occurs at a time ivhen the acute manifestations of the disease 
are subsiding; the temperature is normal or has approached normal 
and the commonly accepted evidences of bone marrow activity 
(total leukocjde count and, in particular, the percentage of stab 
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forms) are diminislimg. Clinically, the myelocj’te peak is accom- 
panied by signs of resolution of the consolidated lung. Both clinical 
and hematologic conditions are quite different from those which 
prevail during the usually mild myelocjdosis occurring during the 
acute stage of lobar pneumonia and other infections. 

The stimulus responsible for the appearance of up to 15 or 20% 
of cells not normally present in the peripheral blood is not apparent. 
A postfebrile myelocytosis is not common to the infectious diseases; 
it has not been observed in bronchopneumonia or influenza, or in 
the postfebrile period of artiflcial hyperthermia. It may be sig- 
nificant that the maximum niunber of myelocjdes was found in 
the peripheral blood at the time of resolution of pneumonic tissue. 
During this period nuclear material is liberated from the resohdng 
exudate in considerable amovmt; the stimulating effect of certain 
nuclear derivatives on the bone marrow is well knovm. Although 
there is no direct evidence to support such an assumption, it is 
possible that the stimulating effect of nuclear material liberated 
at the time of resolution may be responsible for the observed myel- 
ocytosis, which apparently occurs to some degree in the majority 
of patients recovering from lobar pneumonia. 

Summary. 1. In 43 im^elected cases of lobar pneumonia, the 
white blood cell response was studied in detail, using both fixed 
and supravitall 5 '- stained preparations. 

2. In the majority of patients, small numbers of myelocytes were 
frequently found in the peripheral blood during the acute febrile 
period of the disease. 

3. In patients who recovered, a consistent, and frequently 
striking, shower of myelocytes was observed in the peripheral blood 
during the period immediately following crisis and lysis. 

4. It is suggested that the postfebrile myelocjde shower may be 
due to the stimulating effect of nuclear material liberated during 
resolution of the pneumonic exudate. 
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EVANESCENT EFFECT OF INTEATIBIAL INJECTIONS OF 
BACILLUS WELCHH TOXIN IN RABBITS.* 

By Leonard J. Goldwater, M.D., 

CWNICAIj assistant VISITINQ PHYSICIAN, THIRD (N. Y. H.) MEDICAL DIVISION, BELLEVUE 
hospital; instructor in medicine, university and BELLEVUE HOSPITAL 
MEDICAL COLLEGE, NEW YORK UNIVERSITY, 


Joseph E. Connery, M.D., 

ASSOCIATE PROFESSOR OP CLINICAL PATHOLOGY, NEW YORK UNIVERSITY; VISITING 
PHYSICIAN TO BELLEVUE HOSPITAL, 

AND 

Harry Heimann, M.D., 

NEW YORK, N. T. 

(From the Department of Medicine, University and Bellevue Hospital Medical 
College, New York University.) 

In 1929 Torrey and Kahn,^ by intratibial injection of 0.5 cc. of 
hemolysin free B. welchii toxin, produced in rabbits an anemia 
resembling, hematologically, pernicious anemia in man. Beard, 
Clark and Moses^ confirmed the findings of Torrey and Kahn. 
Furthermore, these observers were able to relieve the anemia by 
the administration of suitable doses of a known potent extract of 
liver. 

The purposes of our study were (c) to attempt to confirm the 
results' of the above investigators, and (b) to apply their technique 
to the biologic assay of the potency of certain specific anti-anemic 
substances. 

Materials and Methods. The animals used in the study were 
healthy adult rabbits of approximately the same age and weight. 
They were housed in individual cages and fed what was considered 
an adequate diet. The toxin was an hemolysin-free B. welchii 
toxin. t Blood was obtained from the marginal ear vein for numer- 
ical estimations, morphologic studies and reticulocyte percentage 
determinations. Hemoglobin estimations were made by the Klett- 
Newcomer method. Estimations were made at intervals short 
enough to permit detection of significant changes. The hemato- 
logic determinations were made by the same person throughout 
the period of study. 

After a control period of 12 days 3 rabbits received a single 
injection of 0.5 cc. and 2 rabbits were given 0.75 cc. of toxin, respec- 
tively. The toxin was injected intratibially according to the tech- 
nique of Kahn and Torrey.^ Two additional rabbits were followed 

* This is No. 1 of a series of studies on the assay of biologic materials used in the 
treatment of the macrocytic hyperchromio anemias. 

t This toxin was supplied by Drs. Kahn and Torrey of the Cornell Medical College. 
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as controls. The 7 rabbits were studied for 154 to 156 days. Since 
all the animals receiving toxin responded in practically the same 
manner regardless of the dosage of toxin, they were considered as 
a single group. 

Results. Red Blood Cells and Hemoglohm. The red cells of the 
test animals showed a beginning fall on the day following injection 
of toxin (Chart I). The fall was maximal between the 5th and 
7th days. No such fall was observed in the control animals. Fol- 
loAving the initial fall there began a slow, steady rise of the curves, 
so that by the 110th day the curves of the test and control animals 
were at approximately the same level, and continued so thereafter. 

The hemoglobin determinations (Chart II) closely followed those 
of the red blood cells. 

Retimlocytes (Chart III) . The reticulocyte curves rose as the total 
red blood cell counts fell; and again fell as the red blood cell counts 
rose. In the case of the 2 animals which were given 0.75 cc. of 
the toxin (Rabbits 10 and 11), rises were noted in the reticulocyte 
curves between the 60th and 70th days. The explanation for this 
finding is obscure. Interesting to note is the fact that a fall in the 
hemoglobin curves, also imexplained, occurred synchronously with 
the reticulocyte rises in the same 2 animals. 

White Blood Cells. No significant changes in the curves of the 
white blood cells of the test or control animals were noted. 

Morphologic Alterations in the Red Blood Cells. At no time 
during the experiment did the red blood cells of the test animals 
present the qualitative changes usually associated with pernicious 
anemia in man. 

Color Index. The color index never rose to imity or above. 

Summary and Conclusions. In our search to find a suitable method 
for assaying the potency of substances effective in the treatment 
of the macrocytic hyperchromic anemias we attempted to induce 
an anemia in rabbits by a single intratibial injeetion of hemolysin- 
free B. welchii toxin. Since the changes in the blood of the test 
animals were quite evanescent and since the blood picture of the 
test animals rapidly returned to a condition similar to that seen 
in the control animals, this method was deemed imsatisfactory for 
our purposes.* 
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(From the Department of Medicine, University and Bellevue Hospital Medical 
College, New York University.) 


According to Vaughau, Muller and Zetzel,^ and Vaughan, Muller 
and Minot,2 the feeding of an inadequate diet to pigeons results in 
a decrease in the percentage of the circulating reticulocytes. Fur- 
ther, the addition to the diets of materials effective in relieving the 
macrocytic hyperchromic anemias of man produces an increase of 
the percentage of the circulating reticulocytes of test animals. For 
these reasons, and because of the fact that the bone marrow of 
pigeons is megaloblastic, it seemed to Vaughan and her collaborators 
that pigeons might be used in the biologic assay of the potency of 
materials used in the treatment of anemia associated with a megalo- 
blastic type of bone marrow (pernicious anemia). 

The purposes of tliis study were (a) to test the validity of the 
above hypotheses and (6) to apply this technique to the biologic 
assay of the potency of materials used in the treatment of the 
macrocytic hyperchromic anemias. 

Materials and Methods. Healthy adult pigeons were obtained 
from the open market and were housed in individual cages in a 
well ventilated room. Food and water were supplied in abundance 
and were changed daily. The cages were cleaned frequently without 
changing their relative positions in the room. Two diets were used : 
“complete” and “incomplete.” The “complete” diet .consisted of 
equal parts of flint corn, vetch, and Canada peas, and canary seed 
with abundant amovmts of grit and lettuce. The “incomplete” 
diet consisted of the above without the canary seed, grit and lettuce. 
Three known potent commercial preparations of liver “fraction G” 
were used: {a) powdered extract, prepared from mammalian liver 
for oral administration,* (b) a solution of the same powdered extract 
for parenteral administration,* and (c) an aqueous solution pre- 


* The mammalian liver fractions were supplied by the Lederle Laboratories. 
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Ghaut IV. Reticulocyte percentages in pigeons on the incomplete diet which were given mammalian liver extract by mouth for 57 successive days. 
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pared from the liver of the cod.* The powdered extract was used 
in solution of such concentration that 2 cc. contained the material 
derived from 4 gm. of raw liver. The powdered extract was given 
by stomach tube as was the fish liver extract. The solution for 
parenteral administration was of such strength that 5 cc. contained 
the material derived from 100 gm. of raw liver. All liver extracts 
were administered at the same time of day. 

Blood for all examinations was obtained from the wing veins of 
the pigeons. Bleeding was easily controlled. Reticulocytes were 
coxmted according to Vaughan’s modification^ of Cunningham’s 
method.® All the red blood cells showing any reticulum in the 
cytoplasm were included as reticulocytes.! Hemoglobin estima- 
tions were made by the Klett-Newcomer method. Hematologic 
determinations were made frequentlj'^ on samples of blood draw 
at the same hour of each day. The birds were weighed about 
3 times each week. 

Results and Discussion. Retictdocytcs in Pigeons Receimig the 
“Complete” Diet. Two pigeons were kept on the “complete” diet 
for a total of 144 days. As may be seen from inspection of Chart 
.the reticulocytes showed considerable variations from week to week 
and even from day to day. The variations between two successive 
counts were often as great as 20% of the total red blood cells. 

Reticulocytes in Pigeons Receiving the “Incomplete” Diet. Eight 
birds were kept on the “incomplete” diet for 135 days. From inspec- 
tion of Chart II it can be seen that there is a do w ward trend of the 
circulating reticulocytes ending on about the 26th day, then an 
upward trend to the 65th day, followed by a second fall reaching 
its lowest level on the 74th day. Because of the undulatory char- 
acter of the curves no prediction could be made as to the expected 
curve in any one case. By comparison of Charts I and II it can 
be seen that the individual variations of the reticulocyte percentages 
of the birds on both diets, “complete” and “incomplete,” showed 
striking similarity. 

Reticulocytes in Pigeons Receiving Liver Extract. From inspec- 
tion of Chart III (A and B), it is apparent that the daily oral adminis- 
tration of potent liver extract (the material derived from 4 gm. of 
raw liver) for a period of 5 days produced no significant changes 
(a) in the tjq)e of the curves or (6) in the trends. This observation 
applies to pigeons receiving the “complete” as well as those receiidng 
the “incomplete” diet. Because of the possibility that the test 
period of 5 days was not sufficiently long to permit of significant 
changes to occur, 2 birds which had been receiving tlie “incomplete” 

* The fish liver extract was supplied by the White Laboratories. 

t Some of the reticulocytes seemed to warrant separate enumeration because 
(1) of the density and amount of reticular material, (2) the fact that the reticulum 
encircled the nucleus, completely in many cases, and (3) the ease with which these 
cells could be identified. Irrespective of the dietary the number of these forms 
varied between 1% and 7% of the total red blood cells. 
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diet were fed potent mammalian liver extract (the material derived 
from 4 gm. of raw liver) daily for a period of 57 days (Chart IV). 
Here, again, it may be observed that the feeding of potent liver 
extract in large daily doses over a long period of time was without 
effect on the circulating reticulocytes in the blood of the test ani- 
mals. In order to obviate the possibility of the failure of absorp- 
tion of anti-anemic substances from the gastro-intestinal tract of 
the test birds^ being responsible for the lack of effect on the circu- 
lating reticulocytes, 2 pigeons receiving the “incomplete” diet were 
each given 1 cc. (containing the material derived from 20 gm. of 
raw liver) of a solution of liver extract by injection into the breast 
muscles. This experiment yielded negative results. As a further 
observation, 2 pigeons, also receiving the “incomplete” diet, were 
fed large daily doses of potent fish liver extract for 15 days, also 
without effect on the circulating reticulocytes. 

Conclusions. From these experiments the following conclusions 
seem warranted : 

1. The percentage of the circulating reticulocytes in the blood 
of the pigeon is subject to wide fluctuations. 

2. The various test substances used in this study, including the 
“incomplete” diet, had no significant effect upon the percentage of 
the circulating reticulocytes in the pigeon. 

3. In our hands this technique does not lend itself to the biologic 
assay of the potency of materials used in the macrocytic hyper- 
chromic anemias. 
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SPONTANEOUS RUPTURE OF THE HEART SIMULATING 
SURGICAL ABDOMINAL DISEASE.* 

By Harry A. Salzmann, 

ASSISTANT, SURGICAL SERVICE, NO. 2, MT, SINAI HOSPITAL; ASSISTANT, SURGICAL 
SERVICE OP DR. P. A. MC CARTHT, PHILADELPHIA GENERAL HOSPITAL, 
PHILADELPHIA, PA. 

(From the Staedtische Krankenanstalten, pathological institute. Professor Loeschke, 
director, Mannheim, Germany.) 


Following infarction of the myocardium, the patient may die, 
healing by scar formation may take place, or less frequently spon- 
taneous rupture of the heart may result. That such grave changes 

* ^ Read before the Southeastern Branch of the Philadelphia County Medical 
Society, February 1, 1934. 
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in the heart muscle, even where rupture occurs, may assume the 
clinical picture of an abdominal catastrophe is not generally appre- 
ciated. 

Four cases of spontaneous rupture of the heart and one of ruptiue 
of an aortic aneurysm, all admitted to the surgical division of the 
hospital because of suspected acute abdominal disease, have led 
us to consider this rather rare condition more closely. The fact 
that abdominal pain not infrequently is the only important symp- 
tom in disease of the cardiovascular system and may lead to con- 
fusion with lesions requiring operative treatment makes this con- 
dition of particular interest to the clinician. 

In 5000 postmortem protocols, I was able to find only 6 cases of 
proven spontaneous cardiac rupture and 1 of rupture of an aneurysm 
of the aorta causing tamponade of the heart. 

One may realize the rareness of this condition from the following : 
ICrumbhaar and Crowell found only 7 cases in 16,000 autopsy 
reports; Romeick (Munich) 7 in 13,000 protocols, and in 8000 
autopsies at Leipzig only 9 cases of spontaneous rupture of the heart 
were found. 

A report of our own cases mth a brief abstract of the clinical and post- 
mortem findings follows : 

Case 1.— W. W. (946/1931), aged 51 j'ears, male, carpenter, had vague 
abdominal pains for the past 3 or 4 years; and recentlj'^, attacks of weakness 
and dizziness. Five days before admission he was suddenlj’’ seized ■with 
severe pains in the upper abdomen, vomited and was treated for suspected 
gall-bladder disease. He then attempted to get up out of bed but suddenly 
collapsed and was immediately brought into the hospital in a condition 
of shock. 

Physical examinalion revealed an emaciated male, pulseless, and com- 
plaining of excruciating pains in the upper abdomen. The mucous mem- 
branes were pale; the respiratory excursions were rapid and shallow'. The 
cardiac border w'as somewhat enlarged to the left, heart tones were w'eak 
and the heart action was irregular and rapid, no murmurs nor pericardial 
friction rub -w'ere heard ; the radial pulse could not be f elt ; the patient vomited 
continuously. The abdomen w'as not distended, there was circumscribed 
tenderness on pressure in the epigastrium; the abdomen was otherwise 
negative except for slightly increased tension in the epigastrium. 

The first thought W'as that we w'ere dealing with a covered perforated 
ulcer. Because of the poor general condition of the patient operation W'as 
delayed. Following supportive treatment the pulse improved after several 
hours. Fluoroscopic examination of the abdomen gave a negative result. 
The Roentgen ray shadow of the heart show'ed a marked enlargement and a 
mitral configuration. Thirteen days after the onset of the present illness 
the patient had an anginoid attack, he again became pulseless and the 
temperature rose to 103.1°; at this time he again complained of severe 
pains in the upper abdomen. Tw'o days after this attack the patient’s 
condition became somewiiat better and he was transferred to the medical 
division with the diagnosis of coronarj' sclerosis and thrombosis. 

A Roentgen raj' taken 16 days after the onset of the present illness gave 
the foUo'wing findings: indefinite cardiac silhouette with considerable 
widening toward the left, and with some widening toward the right. The 
configuration of the cardiac outline is flabbj'. Pulsation could be seen onlj' 
in the region of the large vessels. The cardiac border pulsated very mi- 
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equally. The cardiac diameter was 17.6 cm. Electrocardiograph diagnosis 
on the same date: perpetual arrhythmia and tachycardia, severe heart 
hauscle damage. Cardiac infarct? 

The patient suffered several aginoid attacks and finally he beeame coma- 
tose; the coma was attributed to uremia. U.N. was 225. His coma 
became more pronounced until he died 27 days after the onset of the present 
illness. 

Autopsy (167/1931) : Sclerotic closure of the posterior coronary artery. 
Cardiac muscle infarct with perforation on the posterior wall of the left 
ventricle and large hemorrhage into the pericardial sac. Anemic infarcts 
of the kidneys, ^diating scar of ulcer in the fundus of the stomach'. 

Case 2. — The patient was admitted to the surgical service with a history 
of severe kidney colic of several days’ duration. He expired during the 
night of the same day. 

Autopsy: Coronary sclerotic areas of myomalacia on the posterior wall 
of the left ventricle with perforation of the myoeardium. Hemopericardium. 
Incomplete thrombosis of several of the arteries of the right kidney. Chronic 
pyelitis of the right kidney. 

Case 3. — The patient was admitted to the hospital for colicky pains 
suggestive of gall stones of 8 days’ duration. He expired 15 minutes later. 

Clinical 'diagnosis : Pancreatitis? 

Autopsy: Atheromatous, and partially stenosing sclerosis of the coro- 
nary vessels. Perforation of the anterior waU of the left ventricle at the 
site of infarction, cardiac tamponade. 

Lisa and Ring have recently reported an interesting case of occlu- 
sion of both coronary arteries with infarction and perforation of 
the left auricle. The patient was a 63-year-old white male, who 
gave a history of recurrent attacks of severe epigastric pain relieved 
by vomiting and alkalis. The symptoms lasted over a period of 4 
years and the patient was subjected to operation on two different 
occasions. At first an appendectomy was performed and an appar- 
ently normal appendix was removed, with no relief of symptoms. 
A year later a diagnosis of duodenal ulcer was made and the patient 
was at first treated by Sippy diet with no relief. An electrocardio- 
gram showed abnormal inversion of the T wave in Leads I and II 
and a suggestion of a coronary T wave in Lead III. In spite of 
the evidence of coronary lesions the patient’s abdominal symptoms 
became so severe that a gastroenterostomy was performed, although 
no ulcer was found at operation. After a stormy convalescence he 
left the hospital. The symptoms became more severe and a year 
before his final illness he began to have precordial pain and showed 
clinical signs of decompensation such as cyanosis, edema, pleural 
effusion, and gallop rhythm. The patient finally died 4 years after 
the onset of symptoms and autopsy revealed occlusion and sclerosis 
of both coronaries with infarction and perforation of the left auricle 
just above the base of the posterior mitral cusp. 

Case 4. — J. B. (3337/1926), a 50-year-old laborer, claims that he was 
never seriously ill until present illness. On the day of admission he was 
seized with excruciating pains in the upper abdomen and was sent into the 
hospital for operation with a diagnosis of cholelithiasis or pancreatitis. 

Physical examination revealed a well-developed male; with irregular 
heart action, and small, rapid pulse. The abdomen was slightly distended 
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and diffusely tender, especially in the upper abdomen to the right of the 
mid-line. After the administration of cardiac stimulants immediate opera- 
tion was undertaken. Upon opening the abdomen the gall bladder appeared 
macroscopically diseased and was removed. During the operation cardiac 
stimulants had to be administered repeatedly; near the end of the operation 
the patient improved. The wound healed per 'primam and the patient 
felt very well. Histologic examination of the gall bladder revealed no 
inflammatory changes. On the 12th day foUovdng operation while the 
patient’s condition was very good he suddenly developed air hunger, 
became very weak and expired almost immediately. 

Clinical diagnosis: Cholecystitis; postoperative pulmonary embolism. 

Axdopsy: Luetic aortitis with two aneurysms; rupture of the intraperi- 
cardial aneurysm situated in the beginning portion of the aorta vith hemo- 
pericardium and cardiac tamponade. 

Case 5. — The patient had severe upper abdominal pains of 2 days’ 
duration; sudden death 2 days following admission. 

Awtopsy: Cardiac rupture in the middle of a myomalacious focus of 
the anterior wall of the left ventricle. Obliteration of the left coronar}'^ artery. 
Dilatation of both ventricles. Advanced generalized arteriosclerosis. 

Cases 6 and 7, developed cardiac rupture unaccompanied by abdominal 
symptoms. 

Case 6, Autopsy: Perforated cardiac aneurysm. Coronary sclerosis. 

Case 7. — A. L., 59-year-old male, was brought into the hospital dead 
after having suddenly collapsed and it was supposed that death was due 
to an apoplectic stroke. 

Autopsy: Perforation of tlie left ventricle. Coronary sclerosis. 

The following tables present a short review of oih own cases and 
Krumbhaar and Cro.well’s cases.* Table 1 shows the cases arranged 
according to the underlying disease. As many of the series in the 
first column were from old reports they undoubtedly understate the 
frequency of infarct formation (see high incidence of “fatty heart”). 

Table 1. — Etiology. 


Krumbhaar 
and Crowell 
series. 

Coronary sclerosis with occlusion 

Author's 

series. 

Total. 

Per cent. 

and infarct formation 

Coronary disease combined with 

145 

93 

238 

32.9 

various myocardial lesions . 
Cause undetermined; coronary 

113 

5 

118 

16.3 

arteries apparently normal . 

11 


11 

1.6 

Coronary arteries not described . 

68 

4 

72 

10.0 

Heart apparently normal . 

5 


5 

0.7 

Fatty heart 

186 

1 

187 

25.9 

Myomalacia 

42 

1 

43 

6.0 

Aneurysms 

32 

2 

34 

4.5 

Malignant endocarditis 

. . . 

1 

1 

0.1 

Lues 

5 

1 

6 

0.8 

Tubereulosip 

1 


1 

0.1 

Abscess following septicemia . 

. . . 

6 

6 

0.8 

Echinococcus cyst 

2 


2 

0.2 

Tumor metastases 

1 


1 

0.1 

Total 

611 

114 

725 

100.0 


* Davenport, A. B. (Am. J. Med. Sci., 17G, 62, 1928) reports 57 cases gathered 
from the literature, but since the author’s references were not published, we are unable 
to include his material in this analysis. 
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Table 2 gives a summary- of the position of the perforation. 
According to this the left ventricle is most frequently the site of 
rupture. 

Table 2. — Site of the Ruptured Area. 



Krumbhaar 
and Crowell 


series. 

Right auricle . 

. . 35 

Left auricle 

. . 12 

Right ventricle 

. . 63 

Left ventricle . 

. . 493 

Mixed .... 

. . . 15 

Total . 

. . 618 


Author’s 


series. 

Total. 

Per cent. 

1 

36 

5.2 

2 

14 

2.0 

10 

73 

10.5 

61 

554 

80.0 

1 

16 

2.3 

75 

693 

100.0 


The area of predilection for the perforations in the left ventricle 
is the apical region, where the in arcts and the conditions arising 
from them are chiefly located and where, as Meyer states, the muscle 
layer of the heart wall is physiologically thinnest and also where, 
as Boettger claims, the pressure which the left ventricle has to 
withstand is supposed to be most forceful. Next in frequency to 
the apical region is the posterior wall of the left ventricle. The 
average age of the patients in whom we find a perforation of the 
auricle is less than in cases of ventricular perforation. 

The actual mechanism of tear and rupture has never been fully 
explained. The chief factors at work in the infarct are softening, 
hemorrhage and the action of the adjacent active muscle surround- 
ing the infarct. The internal opening of the perforation is usually 
placed at the base of a papillarj'^ muscle or at the junction of the 
septum and the outer heart wall; both points which are subjected 
to the stress of divergent action of the two main muscle masses. 
The presence of excessive mural fat, as was found in all of the cases 
reported by us, is responsible for the rapidity with which necrosis 
and the formation of a perforation takes place. 

Table 3 gives a review of the age of the patients. 


Table 3. — Incidence According to Age. 



Krumbhaar 
and Crowell 

Author’s 




series. 

series. 

Total. 

Per cent. 

Over 85 . 

. 30 

3 

33 

4.7 

80+ . . 

52 

11 

63 

9.0 

70-80 . . 

. 167 

42 

209 

30.0 

60-70 . . 

. 188 

21 

209 

30.0 

50-60 . . 

81 

10 

97 

13.9 

40-50 . . 

. 43 

1 

44 

6.3 

30-40 . . 

. 23 


23 

3.3 

20-30 . . 

6 

i 

7 

1.0 

10-20 . . 

8 

. . 

8 

1.2 

1-10 . . 

4 

•• 

4 

0.6 

Total 

. 602 

95 

697 

100.0 
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The incidence of rupture in cardiac infarction has been estimated 
by Benson and Hunter and by others (vide Beresford and Earl) as 
about 6%. This is confirmed in the present review. 

Among the 5000 autopsy protocols examined we were able to 
find a pathologic condition of the circulatorj^ organs in 1224 cases 
in which the heart was affected 1142 times. Coronary sclerosis 
was found in 658 cases, 75 of which had progressed to occlusion with 
concomitant infarction; an indisputable spontaneous rupture of 
the heart could be shown only in 6 cases (8%). Of these, 5 were 
due to coronary sclerosis with occlusion and infarct, formation; 
1 to an aneurysm of the left ventricle. 

Although the diagnosis of cardiac perforation was not made in 
any of the cases, nevertheless, only 1 of our 5 cases with abdominal 
symptoms was operated upon. The clinical phenomena in all of the 
cases were so severe that the patients had been sent in for immediate 
operation. However, it was deferred because the severity of the 
spontaneous abdominal pains was incompatible with the very 
moderate rigidity of the abdominal wall. The fact that the pain 
radiates upward under the sternum and possibly to the shoulder, 
especially toward the left shoulder and also the fact that tenderness 
to palpation in the upper abdomen is only moderate or absent, 
together with the history of previous attacks attributable to arterio- 
sclerosis and/or myocardial changes (fainting spells, angina pectoris, 
dizziness, anxiety, etc.) all serve as points in the determination of 
the diagnosis. 

In view of the etiology and the progressive myocardial damage 
we must regard surgical therapy as seemingly hopeless. The forma- 
tion of connective tissue in cardiac muscle wounds is verj’’ light. 
For this reason the danger of a secondary hemorrhage due to a 
rupture of an insufficiently developed scar and the possibility of 
aneurysm formation is great, as has been pointed out by Ivlose. 

The fact that myocardial infarction, even when severe enough to 
end in perforation of the heart, and even to a greater degree per- 
foration of the aorta, and dissecting aneurysm of the aorta, may 
give rise to a symptom complex which may easily be confused with 
that of a pancreatic necrosis, cholelithiasis or nephrolithiasis is 
not sufficiently recognized. These conditions of the circulatory 
mechanism may lead to severe "abdominal pain, frequently accom- 
panied by vomiting and distention. If one finds these signs in 
older individuals and at the same time signs of severe myocardial 
degeneration are present (such as arrhythmias), one should always 
consider in such cases whether the pains are not the result of a 
cardiac condition. The question as to whether they are to be 
regarded as angina abdominalis caused by arteriosclerotic changes 
of the abdominal vessels, as described by Ortner, or whether they 
are to be regarded as cardiogastric pains due to distention of the peri- 
cardial sac, still remains open. 
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Levine, in his monograph on infarction, "found that of 9 patients 
in whom rupture had occurred, 8 died within 2 weeks following the 
onset of infarction; of these 6 died between the 5th and 14th day. 
This, according to Levine, is the period when necrosis is most marked 
and the muscle is softest. The difficulty of differentiating between 
the symptoms of infarction and those of ruptnre make it impossible 
to calculate the length of survival after rupture has taken place. 

A critical review of the cases reported in the literature as having 
lived for days or even weeks after rupture has occurred leads one 
to the conclusion that the symptoms of infarction have been con- 
fused with those of perforation. The mechanism of death in spon- 
taneous rupture may theoretically be explained as based on the 
obstruction of the great veins by the raised intrapericardial pres- 
sure. In those cases where little blood is fonnd in the pericardial 
sac the sudden death suggests ventricular fibrillation or some such 
disaster. 

Summary, 1. Six cases of spontaneous rupture of the heart 
and 1 case of perforation of an aortic aneurysm are reported; 718 
cases of spontaneous cardiac rupture gathered from the literature 
are reviewed. 

2. Cardiac rupture most frequently occurs in an area of infarc- 
tion 5 to 14 days following coronary occlusion. The most common 
site of the rupture is the left ventricle. 

3. An important item for the clinician is that of differential 
diagnosis, because the condition frequently arises with severe 
symptoms attributable to diseased conditions of the abdominal 
organs. It may lead to con usion with pancreatitis, gall bladder 
and kidney colic, intestinal ileus, and other diseases of the abdominal 
viscera. 
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EI4LARGEMENT OF THE HEART DUE TO ABNORMAL GLYCOGEN 

STORAGE. 

In von GIERKE’S Disease.* 

By William Antopol, M.D., 

Julius Heilbrunn, M.D., 

AND 

Lester Tuchman, M.D., 

NEW YORK CITY, N. Y. 

(From the Pediatric Service and the Laboratories of Christ Hospital, Jersey City, 
N. J., and the Laboratories of The Mount Sinai Hospital.) 


Glycogenosis, or glycogen storage disease, was first described 
by von Gierke, ^ in 1929, as a pathologic entity under the name of 
“hepato-nephromegalia glycogenica.” He gave a detailed patho- 
logic description of 2 cases with massive glycogen deposits in the 
liver and kidneys. Schoenheimer* confirmed von Gierke’s histo- 
logic findings by chemical analyses and attributed the disorder to a 
disturbance of the glycogen splitting mechanism. 

Five necropsy reports of this disease are now on record, in 2 of 
which tremendous diffuse enlargement of the heart is described 
(Putschar^ and Pompe^). 

The present communication deals with a case which was clinically 

* Presented before The New York Pathological Society, October 26, 1933. 
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obscure, and which terminated with an intercurrent pneumonia. 
The markedly enlarged heart found at necropsy gave rise to the 
suspicion that the case was one of glycogenosis. Histopathologic 
and chemical studies proved the correctness of this opinion. 

Case Abstracts.— R. K., a 4J-month white, German, male, was admitted 
to the Christ Hospital, Jersey City, N. J., on the service of Dr. Julius Heil- 
brunn on August 17, 1933. The mother had borne another child, now 
living and apparently normal. Two weeks prior to the birth of the patient, 
the mother showed a trace of sugar in the urine. From birth on the breath- 
ing of the infant was unusually rapid. 

The weight at birth was 3250 gm.; 10 days later 3559 gm. The average 
weekly gain was 110 gm. except for the 4 weeks prior to admission, during 
which the child failed to gain. 

Physical Examination. The general appearance is that of a fairly well- 
nourished infant, who does not appear acutely ill. The only positive findings 
are slightly enlarged cervical glands. Forty-eight hours, after admission 
bronclual breathing and dullness over the right lower and middle lobes 
appear. The respirations are rapid and shallow, the facial expression 
anxious, and the features pinched. A diagnosis of pneumonia is made. 
Four days later, the left side of the chest shows similar findings. 

Laboratory Findings: Hemoglobin, 75% (Sahh); white blood cells, 
7800; polymorphonuclears, 28%; lymphocytes, 72%. Routine examination 
of the urine was negative. No examination for acetone. 

Roentgen ray of chest 4 days after admission shows cardiac enlargement 
with no definite indications of pulmonary disease. 

Roentgen ray of chest 1 day before death shows marked enlargement of 
the heart to the right and left -with scattered areas of consolidation in the 
right upper lobe and a slight pleural exudate. The cardiac shadow obscures 
the underlying details in the left lung. 

The infant did poorly in the hospital. Profuse diaphoresis, restlessness 
and cyanosis were the most prominent symptoms. During the 10 days 
in the hospital the weight declined 112 gm. The temperature was slightly 
elevated until the 10th day when it rose to 108° just before death. 

Necropsy. We are indebted to Dr. F. H. Hemsath, pathologist, for 
the use of this material. Only a partial examination was permitted. 

ELeart. The heart is strikingly enlarged and weighs 85 gm. The peri- 
cardial cavity contains no excess of fluid. The pericardial surfaces are 
smooth and glistening. The presenting anterior surface is made up of both 
right and left ventricles (Fig. 1). The heart is in a state of contraction. 
The right auricular wall is moderately thickened, the right ventricle mark- 
edly so (10 to 16 mm.); the interventricular septbl portion is 18 to 25 mm. 
thick. The left auricle is moderately hypertrophied and the endocardium 
is white, but smooth throughout. There is marked hypertrophy of the left 
ventricle (10 to 18 mm. thick). The very large and prominent papillary 
muscles almost completely fill the cavity of the contracted chambef. No 
changes are noted in any of the valves. The aorta is negative. The isthmus 
of the aorta is not narrowed. 

Microscopic Examinations. The myocardium is composed of a network 
of cytoplasm of varying thickness (2 to 4 microns) (Fig. 2-A). In those 
places where the muscle is cut tangentially, the muscle cells appear in the 
form of hollow cylinders surrounded by delicately striated protoplasmic 
walls (Fig. 2-B.) The nuclei of the interstitial cells are for the most part 
compressed. The muscle nuclei, about 8 microns in diameter, are peripher- 
ally situated, have a definite nuclear membrane, and a moderate amount of 
chroniatin material. Occasional atrophic muscle fibers as well as focal 
fibrotic areas are seen throughout the myocardium. An occasional small 
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collection of neutrophils and round cells is present. Perivascular fibrosis 
is prominent. The subendocardial connective tissue is vddened. 

The shrinkage is not as marked in the celloidin embedded tissue and the 
walls of the hollow cylinders appear thicker. Best’s carmin stain shows 
the intracellular non-protoplasmic areas to be filled vdth rods and droplets 
which stain a deep brilliant red (Fig. 3). Similar droplets are_ noted in the 
interstitial tissue. These rods and droplets stain brovm vdth iodin. Com- 
parison of serial sections with both of these methods does not reveal any 
appreciable difference in the amount of stained substance, thus ruling out 
the presence of significant quantities of galactogen.® 

The Sudan stain reveals a slight amount of neutral fat in the interstitial 
tissue. No neutral fat is present in the muscle fibers. 

Bloodvessels. Microscopic Examination. Many of the bloodvessels 
are thickened, because of swelling of the muscle fibers. The muscular 
layer of the vessels, especially the larger veins, appears as a thin network 
of cytoplasm, and resembles the network described in the heart except that 
no striations are visible. The endothelium is swollen, and the elastica is 
prominent. The muscle fibers of the aorta and pulmonary arterj^ present a 
similar picture. There is, however, an increase in the connective-tissue 
framework between the muscle fibers. 


Best’s carmin stain demonstrates glycogen droplets, which fill the 
vacuoles in the individual muscle fibers. This is veiy striking in longitudinal 
sections where the fusiform glj^cogen accumulations are seen in parallel 
rows. The endothelium is also filled with glycogen, Gtycogen droplets 
are present within the lumen of many of the vessels. 

Liver. The organ is enlarged. Its capsule is smooth. On cut section 
it has a grayish appearance. The lobular structure is not discernible. 

Microscopic Examination. Hematoxylin-eosin stain reveals crowded 
cells with very few blood spaces betw'een them (Fig. 4-^4.). Tlie cell mem- 
brane is prominent. The cytoplasm of the liver cords contains both vacuoles 
and granules. The cells in the periportal areas are larger than the central 
cells, and are more frequently vacuolated. The nuclei are large, round, and 
eccentrically situated. Scattered throughout the parenchjTna there are 
focal collections of neutrophils with an occasional round cell. Cellular 
structure is absent in these areas. The cells lining the smaller biliary chan- 
nels are swollen and almost completely fill the lumen. There is no inflam- 
matory exudate witliin, and only an occasional leukocjde about the bile 
channels. The Kupffer cells are not prominent. 

Best’s carmin stain shows fure red-staining droplets within the liver 
cells. The larger, and more vacuolated cells contain few^er of these. The 
cells of some of the bile channels, especially those of smaller order, show 
similar changes. Red-staining droplets are also found within the lumen of 
the larger biliary ducts. Glycogen is not present in any of the nuclei, and 
only a ve^ occasional Kupffer cell contains this substance. 

In portions of the section in w’^hich the fi.xation is not quite satisfactory, 
intercellular spaces, as well as intracellular bile canaliculi are seen outlined 
against the clear background. These portions resemble a preparation 
stained for bile capillaries. 

The cells within the capsule of the liver contain gl 3 ’cogen. 

The Sudan stain on frozen sections reveals neutral fat, chiefly in the cells 
of the periportal areas. 


kidnej' w^ere obtained, and the weight 
could not be deteri^ed. The yellorvish-gray cortex and the darker gray 
medulla are well delinuted. 


Microscopic Exammation Hematoxjdin-eosin stain; Many of the 
glomemh retam their fetal form. Some of the cells of the proximal con- 
voluted tubules have a granular, others a clear cytoplasm. The li nin o- 



Fig. 1. — Anterior view. Both ventricles form the anterior surface of the heart. 
Lungs are left attached for comparison with the size of the heart. 



Fig. 2A. — Myocardium. Low-power view, showing the cytoplasmic network 
(hematoxylin-eosin stain). 

Fig. 2B. — Myocardium. High-power view of an area in which the fibers are cut 
tangentially, showing hollow cylinders with striations in the muscular wall (iron- 
hematoxylin stain). 






Fig. .3. — Myocardium. High-power stained wdth Best’s carmin method. The gray 
rods and droplets correspond to the red staining glycogen. 



Fig. AA. — Liver. Low-power view. 

Fig. 4B. — Kidney. Best’s carmin stain, showing droplets of glycogen within 
the cells and a mass of glycogen in the lumen of a collecting tubule. 
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cells are swollen, bulge into the lumen, and in naany places completely 
occlude it. The cytoplasm of the cells of the proximal portion- of the 
descending loop of Henle is similar in appearance, but not quite as abundant. 
The ascending loops are diffusely pink-staining. The cytoplasm of the 
dis'tal convoluted tubules, the coUecting and the uriniferous tubules is 
similar to that of the proximal convoluted tubules. The bloodvessels are 
thickened. Best’s carmin stain reveals glycogen in many of the glomeruli, 
in Bo^vman’s space, and also mthin the cells lining the capsule, also vdthin 
the cells of the proximal convoluted tubules, the distal convoluted tubules, 
the coUecting tubules, and the uriniferous tubules. Very little glycogen is 
present within the lumen of these structures until the collecting tubules 
are reached, where an appreciable amount is seen (Fig. 4-jB). 

Lungs. There is an area of bronchopneumonia in the right upper lobe. 

Thymus. There is necrosis in the center of many of Hassall’s corpuscles. 
Glycogen is present ■within many of the cells, especially the peripheral 
layers of the corpuscles. 

Chemical Analysis of Organs. The formalin fixed material 
was placed in absolute alcohol 4 weeks after the autopsy. Analyses 
of the heart, liver, kidney and lungs were done by Pfiiiger’s method. 
In spite of the fact that the specimens had been in 10% formalin for 
so long a period, the following amounts of glycogen were found: 
Heart, 3.57%; liver, 3.25%; kidney, 4.34%; lung, 0.32%. 

Of these organs the only one which normally contains glycogen 
in substantial amounts is the liver. The chemical findings corrobor- 
ate the histologic demonstration of glycogen, so that we are undoubt- 
edly dealing with a case of abnormal glycogen storage in the von 
Gierke’s sense. The formalin fixation precluded investigation of the 
glycogen ferments. 

Discussion. Von Gierke’s disease, or glycogenosis, is a metabolic 
perversion characterized by abnormal deposition (or storage) of 
glycogen, analogous to the abnormal storage- of kerasin and other 
lipoids in those well-studied errors of fat metabolism, Gaucher’s 
disease and Niemann-Pick’s disease. Yet, the analogy must not be 
pressed too far, as the latter represent definite storage preponder- 
antly in the reticuloendothelial system. In the present disease the 
reticuloendothelial system is singularly free, the parenchymatous 
elements being the ones chiefly involved. The mechanism respons- 
ible still remains to be elucidated. 

A persistence of the fetal type of glycogen metabolism into post- 
natal life is probable. It is known that fetal glycogen does not dis- 
appear so rapidly by spontaneous glycogenolysis, and cannot be 
mobilized readily by cold or adrenalin.®-® In the fetus, glycogen 
deposits in the kidneys, bloodvessels, and organs of internal secre- 
tion are present, but in extrauterine life the occurrence of glycogen 
in these sites is strictly pathologic. 

The biochemical etiology of this disease is still obscure. Against 
tbe assumption that tbe glycogen itself is chemically different or 
biologically inert, evidence is presented by Schoenheimer that 
glycogen isolated from a case of this disease had the usual physical 
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and chemical properties, and could be hydrolyzed by normal liver 
tissue. The complete absence of glycogenolytic enzyme in the dis- 
eased liver seems unlikely. On the other hand, increased amounts 
of amylase were observed in the urine of some of these cases. The 
amylase titer of the serum in this condition deserves further study; 
the glycogen content of the serum is occasionally reported as in- 
creased. Thus it seems that the glycogen storage is neither due 
to a qualitative variation of the glycogen, nor to a lack of glyco- 
genase, but to an unexplained inability of the enzyme to act on its 
substrate. This may be due either to the presence of inhibitory 
substances, or to the absence of activators, or to the fact that the 
enzyme has no access of the substrate. 

Deposits of glycogen may occur in the liver, kidneys, brain, heart, 
bloodvessels, muscles, and organs of internal secretion. The clinical 
picture depends upon the sites of deposition and upon the extent to 
which the vital processes of the affected tissues are interfered with. 
So far three main symptom groups are known, due to preponderance 
in liver and kidneys, in heart and bloodvessels, or in the brain. 
The first is the best known and possibly the largest group— the 
hepatonephromegalia glycogenica of von Gierke. The second 
group— that with cardiac hypertrophy— gives a clinical picture 
which, in the absence of proper chemical and histologic studies, 
may be confounded with the so-called idiopathic hypertrophy of the 
heart, as pointed out by Pompe.^ 

It is possible that many of the cases formerly elassified as idio- 
pathic hypertrophy belong to the von Gierke type of disease with 
enlarged heart, and that rhabdomyomata are localized collections 
of glycogen-rich fibers, possibly due to focal disturbance in glycogen 
metabolism. Virchow first recognized the relationship between 
so-called idiopathic hypertrophy and rhabdomyoma of the heart. 
As far back as 1900, Marchand*® and Askanazy” pointed out that 
rhabdomyomata of the heart were rich in glycogen. Schmincke'^ 
deseribed the transition between isolated and diffuse rhabdomyoma 
of the heart and considered this a persistent embryonal state giving 
rise to hypertrophy. In many cases of the so-called idiopathic 
hypertrophy vacuoles have been noted in the heart muscle but were 
not explained and their association with large livers and enlarged 
kidneys is frequent. Sprague, Bland and White'® report enormous 
enlargement of the heart with vacuolization of the muscle fibers, as 
well as vacuolization of the hepatic cells. They do not explain these 
changes, typically those of glycogenosis, which apparently was not 
suspected. 

The third group, i. e., with cerebral symptoms due to glycogen 
deposits in the brain and spinal cord (KimmelstieP^) makes necessary 
a review of all poorly understood cerebral conditions in children in 
order to determine whether some of them are not related to the 
effect of abnormal glycogen storage. 
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* 

Summary. A case of von Gierke’s disease with a markedly 
enlarged heart is presented. The possible relationship of this 
malady to idiopathic hypertrophy of the heart and diffuse rhabdo- 
myoma of the heart is discussed. 

After the presentation of this paper we were informed by Dr. K. Kato that he had 
observed 2 similar cases in Chicago. 
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THE EFFECT OF ELEVATED METABOLISM ON THE HEART OF 
FRIZZLE FOWL. H. INCREASED RATIO OF HEART TO 

BODY WEIGHT. 

By Ernst P. Boas, M.D., 

NEW YORK CITY, 

AND 

Walter Landauer, Ph.D., 

STORKS, CONN. 

(From the Medical Service (Dr. George Baehr) Mt. Sinai Hospital, and the Storrs 
Agricultural Experiment Station.) 


In a previous communication' it was pointed out that Frizzle 
fowl, a variety of chicken with scanty plumage, offer an opportunity 
of studying the effect on the heart of the increased basal metabolism, 
resulting from the profound disturbance in the conservation of 
body heat. It was shown that the heart rate of Frizzle hens is on 
the average 72 beats (27 %), and of Frizzle roosters 117 beats (68%) 
above that of normal chickens. The conclusion was reached that 
the rapid heart rate of Frizzle fowl is conditioned by their elevated 
metabolism. 

One of us (Landauer) had noted that the hearts of Frizzle fowl 
appear hypertrophied, elongated and relatively narrow. The follow- 
ing observations cornprise a verification of this impression. 

Method, — The study of heart weights is a difficult and painstaking pro- 
cedure, and the results depend a good deal on the technique employed." In 
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our study an additional handicap lay in the fact that the birds Avere killed 
in Storrs, and their hearts weighed in New York City. 

The determination of accurate heart weights involves the careful freeing 
of the heart of epicardial fat, bloodvessels and pericardium, and the estab- 
lishment of a ratio between heart iveight and body weight. This Avas first 
stressed by Miiller.- 

We followed the following procedure: The birds were weighed and imme- 
diately thereafter killed at Storrs. Then the heart was removed, and the 
gross weight of the undissected heart was recorded. The heart Avas then 
placed in 10% formaldehyde solution and was shipped to New York. 
Hermann^ has shoAvn that a heart in 10% formaldehyde gains in weight 
during the first 2 to 4 days, and then gradually returns to the original 
autopsy weight in 6 to 10 days. For several days folloAAung there is verj”^ 
little change in weight. Thus, if a heart that has been placed in formalin 
is weighed between the 10th and 15th day after immersion into the solution, 
its weight Avill closely approximate the weight in the fresh state. ICkch'' 
made similar observations and demonstrated that the weights of the differ- 
ent chambers as well as their linear measurements change proportionately 
Avhen the heart is fixed in formalin solution. As is shoAvn in the tables, 
our chicken hearts were weighed and dissected at a time when their Aveights 
closely approximated their original fresh Aveights. 

The actual procedure and dissection was carried out in the folloAAnng 
manner. The heart Avas removed from the formalin solution and gentlj'- 
dried AAuth a cloth. Any excess solution was gently expressed from the 
auricles. The whole heart was then weighed. A balance Avhich AA'as accur- 
ate to 0.1 gm. AA'as employed for aU of the AA'eighing. In the chicken heart 
the fat is collected particularly in the auricoloventricular groove and at the 
roots of the aorta and pulmonaiy arterjL This was carefully dissected 
aAvay. The large vessels were left in place. Any excess fat in the epicardium 
Avas removed. The auricles were then separated from the ventricles by 
blunt dissection, leaving the upper surfaces of the ventricles perfectly 
smooth Avith intact musculature. An incision AA^as then made down the 
posterior wall of the right ventricle along the septum. This incision is 
marked by a posterior descending branch of a coronary arterJ^ Both the 
artery and the incision curve doAAmward and reach the loAver border of the 
right ventricle at a point about § of the distance from the root of the aorta 
to the apex of the heart. The incision was then continued to the left and 
then upAvard along a line formed by the extreme limit of the cavity of the 
right A^entricle and along the anterior border of the interventricular septum 
to and through the auriculoventricular ring. The root of the pulmonary 
artery and the aorta were then separated by blunt dissection along a line 
of natural cleavage. This cleavage was continued on the right A’^entricular 
aspect of the interventricular septum, and was marked by small deep septal 
branches of the coronary arteries,® so that the musculature of the conus 
arteriosus was dissected free as part of the right ventricle. The pulmonary 
artery Avas then cut off just aboA'e the semilunar vaNes. The left ventricle 
AA^as then opened by a cut along the posterior border of the septum parallel- 
ing the first cut of the right ventricle. The septum was then cut away 
along the line of attachment of the right A'entricle. The aorta AA'as cut off 
just above the semilunar vaNes. 

The folloAving weights were recorded; the undissected uncleaned heart, 
the cleaned heart, the auricles together, the right A^entricle, the left Afentricle, 
the interventricular septum. 

Even in the hearts of humans and of large animals there has been 
great difficulty in establishing proper incisions that Avould lead to 
accurate separation of the cardiac chambers. The chief stumbling 
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block has been to determine how much of the interventricular 
septum belongs to the right, and how much to the left ventricle. 
Muller calculated that about 30% of the septum belongs to the 
right, and 70% to the left ventricle. Subsequent workers have 
criticized his technique and his calculations. Wideroe® avoided 
the dilemma by ignoring the- septum and using only those portions 
which were free of the septum. He thus established his ratio of right 
ventricle to left ventricle. Both Lewis’' and Hermann^ attempted 
to improve on these methods by carefully worked-out dissections. 
Such painstaking dissection, difficult enough in a large heart, is 
impossible to carry out with accuracy in the small hearts of chickens: 
so we adopted a rougher method, which more closely approximates 
the original one of Muller. We do not lay undue weight on our 
findings, therefore, insofar as the relative weights of the individual 
chambers are concerned, although results are sufficiently uniform 
to appear significant. The auricular weights are not always accurate, 
for not infrequently in removing the heart, part of the right auricle 
was cut off. We would lay particular emphasis on the combined 
weight of the two ventricles including the septum, for these are 
absolutely accurate. 

It is well recognized that absolute heart weights have little sig- 
nificance, and that it is necessary for purposes of comparison to 
establish the ratio between heart weight and body weight. In the 
case of birds, it is advisable to deduct from the body weight the 
weight of the feathers, for the heart weight is proportional primarily 
to the weight of the skeletal musculature (Wideroe). Relying on 
the studies of Mitchell, Card, arid Hamilton,* we have arbitrarily 
estimated that in fully grown normal birds the plumage constitutes 
8% of body weight in males, and 7% in females. For the Frizzle 
fowl we estimate the plumage as 5 grams, except for the lot of birds 
killed on October 16, 1933. For some reason these birds had a better 
developed plumage. For them we assumed a plumage weight of 
I of that of normal chickens. 

The hearts of 110 chickens were weighed. Of these 37 were 
normal females, 33 Frizzle females, 20 normal males, and 20 Frizzle 
males. The normal chickens were mostly Leghorns, with a few 
creepers and rumpless forms. The data, arranged according to 
body weight, appear in Table 1.* Table 2 presents the averages of 
the ratios: total cleaned heart weight times 1000, divided by body 
weight without feathers; total ventricular weight times 1000 
divided by body weight without feathers; right ventricle divided 
by left ventricle including the septum; and right ventricle divided 
by the left ventricle, with the septum excluded. To the averages 
are appended the standard deviations from which the errors of 
the differences can be readily calculated. 

* Because of lack of space the detailed protocols cannot bo printed. The individual 
figures will be supplied by the authors on demand. 
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Table 1. — Heart Weights anp Ratios. 


Breed and sex. 

Number of chickens. 

1 

'3 

2 . 

|| 

2 s 

1“ 

Average body weight 
without feathers, 
grams. 

Average heart weights. 

Average ratios. 


TJneleaned. 

Cleaned, 

grams. 

E 

. C3 
> & 
Pt 

03 

I 

> B 

tn 

s 

a 

t/T 

6 

et 

4^ 




LV + S 

R V 

jOQ 

>\h- 

Fresh, 

grams. 

Fixed, 

grams. 

H X 1000 

B 

V X 1000 


Normal females . 

8 

1000 

931 

5.4 

5.3 

3.6 

0,5 

1.8 

0.7 

0.6 

3.9 

3.2 

0.21 

0.30 

Normal females . 

9 

1214 

1127 

6.1 

6.0 

3.9 

0.6 

2.0 

0,7 

0.7 

3.4 

2.9 

0.22 

0.30 

Normal females 

10 

1400 

1302 

6.2 

6.1 

3.9 

0 6 

2.0 

0.7 

0.6 

3.0 

2.6 

0.23 

0.31 

Normal females . 

10 

1720 

1600 

S.O 

7.8 

4.8 

0.7 

2.4 

0.8 

0.8 

2.9 


5 

0.22 

0.30 

Frizzle females 

13 

1239 

1211 

7.0 

6.8 

4.9 

0.8 

2 5 

1.0 

0.7 

4.2 

3.5 

0.22 

0.31 

Frizzle females 

10 

1650 

1603 

8.3 

8.2 

5.8 

0.9 

2.S 

1.2 

0.9 

3.6 

3 

1 

0.24 

0.34 

Frizzle females 

10 

2036 

2006 

11.3 

10.8 

8.2 

1.3 

4.0 

1.8 

1.1 

4.4 

3 

6 

0.23 

0.33 

Normal males . 

10 

1653 

1521 

8.2 

8.2 

6.6 

1.0 

3.6 

1.0 

0.9 

4.3 

3 

7 

0.23 

0.30 

Normal males 

10 

1924 

1771 

9.9 

9.8 

7.8 

1.3 

4.1 

1.1 

1.2 

4.4 

3 

6 

0.25 

0.31 

Frizzle males . 

10 

2036 

1963 

13.5 

13.3 

10.5 

1.4 

5.6 

1.8 

1.6 

5.3 

4.5 

0.20 

0.27 

Frizzle males ». 

10 

2562 

2469 

14.4 

14.2 

10.6 



1.7 

5.0 

2.1 

1.8 

4.3 

3 

_ 

6 

0.24 

0.35 


R V = right ventricle; L V = left ventricle; S =s Septum; As = auricles; H = total cleaned heart weight* 
V = ventricular weight; B *= bodi* weight without feathers. 


Table 2,— Heart Ratios of Normal and Frizzle Fowl. 



No. of 
chick- 
ens. 

H X 1000 

B 

lAver. a 

1 

1 V X 1000 
; B 

lAver. a 

R V 

LV + S 
Aver. (T 

R V 

L 

1 Aver. a 

Females: Normal . 

37 

3.3 0.50 

2.7 ± 0.4' 

i 0.22 =t 0.03 

0.30 0.05 

Frizzle 

33 

4.0 ± O.SS 

3.4 0,68 

1 0.23 =t 0.05 

0.33 * 0.07 

Males: Normal 

20 

4.2 ± 0.36 

3.6 0.28 

0.24 ± 0.03 

0.31 =fc 0.05 

Frizzle . . . ; 

1 

20 

4 S ± 1.3 

4.0 ± 1.1 

1 0.22 * 0.06 

0.31 ± 0.13 


H = heart weight; V — ventricular wxight including eeptum; R V = right ventricle; L V = 
left ventricle; S = Septum ;B = body weight minus feathers. 


There are few available studies of the heart weights of chiekens. 
Loer,® employing Muller’s method, weighed the hearts of 9 male 
and 13 female chickens aged 4 to 5 months. The ratio heart weight 
times 1000 to body weight was 4.1 for males and 3.8 for females. 
Wagner'® found that this ratio varied from 3.S to 7.7. Ehrich and 
Cohn" report relative heart weights of 12 female Rhode Island Reds 
ranging in age from 1 to 8 years and find the heart-weight-body- 
weight ratio to be on the average 3. All of these figures correspond 
rather well to our total heart-iveight ratios. 

We wish to call attention particularly to the ratio of the total 
ventricular weight to the body weight, for this is the most accurate 
of our determinations. The difference between the averages of 

of normal and Frizzle females is 0.7 with an error of ±0.14. 


This difference is significant, so one may conclude that in propor- 
tion to body weight, the ventricles of Frizzle pullets are heavier 
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than those of normal pullets. . The error of the difference of the male 
series is greater, so that taken alone, the figures would have no 
significance; but in view of the fact that they differ in the same 
direction as do the females, it seems safe to infer that the ventricles 
of Frizzle cockerels are heavier than those of normal cockerels. 
The variability of the whole heart ratios is greater, but they too 
behave in the same manner. The conclusion is justified that the 
hearts of Frizzle fowl, in relation to their body weights are heavier 
than those of normal fowl. The ratios between right and left 
ventricles, whether or not the septum be included, are practically 
the same for Frizzle and normal fowl. It seems, therefore, that 
both ventricles share equally in the hypertrophy that takes place. 

A study of Table 1 reveals no significant difference between 
chickens under 1, and over 1 year of age in the ratio of ventricular 
weight to body weight. Nor is there a constant difference in this 
ratio if one compares smaller with larger chickens of the same sex 
and breed. It is strikingly evident that the heart-weight-body-weight 
ratio of Frizzles is much more variable than that of normal fowl. 
This is- due undoubtedly, to variation in the amount of plumage, and 
in the reaction of the bird thereto. 

The relative heart weights, whole heart to body weight as well as 
ventricular weight to body weight of males, both normal and 
Frizzle, are greater than those of females. 

Our findings of cardiac hypertrophy in Frizzle fowl are consistent 
with those reported in our previous papeF that the heart rates of 
Frizzle fowl are more rapid than those of normal fowl. It would 
appear that this cardiac hypertrophy, as well as the tachycardia 
are conditioned only by the high metabolism of the Frizzle fowl.* 

The fact that an increased metabolism alone may cause functional 
and organic changes in the heart (tachycardia and ventricular hyper- 
trophy) is of theoretical interest, as well as of practical importance, 
particularly in respect to the cardiac disorders of hyperthyroidism. 
Other evidence is available that an increased metabolism may add 
to the work of the heart. Hall and Tainter*® have shown that the 
administration of dinitrophenol, a drug that increases the metabol- 
ism without the intermediation of the thyroid gland, may cause a 
considerable increase in the volume output of blood per minute. 
Smith and MacKay'^ fed albino rats active thyroid material, and 
found that when the basal metabolic rate is so varied, a linear 
relationship exists between the heart rate and the basal metabolic 
rate. They further found a direct relationship between food intake 
and heart weight and pointed out that "this strengthens the view 
that heart weight is directly related to total metabolism and hence 
to volume flow of blood.” These observations suggest a close 


* Experimental ■n’ork now in progress confirms this conclusion. 
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analogy to our findings in Frizzle fowl in whom both food consump- 
tion and metabolism is greater than in normal cliickensd Simonds 
and Brandes^^ noted cardiac hypertrophy invohdng all of the 
chambers in dogs that were fed large amounts of thyroid extract. 
Minot and Means'^ showed that in chronic lymphatic leukemia, 
in which there is an increased metabolic rate unassociated with 
hjTierthyroidism, the pulse rate is elevated, and that the hearts 
examined postmortem were on the average 75 grams overweight. 

Summary. Frizzle fowl, a variety of chicken with scanty plumage 
and resultant high basal metabolism, permit the study of the eft'ect 
of increased basal metabolism, as such, on the heart. The heart 
weights of 57 normal and 53 Frizzle fowl were determined by a 
modification of Muller’s method. The ventricular weight relative 
to body weight of Frizzle fowl is significantly greater than that of 
normal fowl. Both ventricles share equally in this hj’pertrophy. 
These observations, together with our previous demonstration of 
the existence of more rapid heart rates in Frizzle fowl, indicate 
that an increased metabolism alone may cause functional and organic 
changes in the heart (tachycardia and ventricular hjqiertrophy). 
They suggest that in Graves’ disease, the elevated metabolism, by 
increasing the work of the heart, directly coAtributes to the cardiac 
disturbances that are so commonly observed. 

We wish to acknowledge the technical assistance of Mrs. Helen S. Boas. 
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FAMnJAL CLEroO-CRANIO DYSOSTOSIS.* 

Julianna R. Tatum, M.D., 

PHYSICIAN-IN-CHIBF, PEDIATRIC OUT-PATIENT DEPARTMENT, PHILADELPHIA 
GENERAL HOSPITAL, PHILADELPHIA, PA. 

(From the Pediatric Out-patient Department.) 


Although defective clavicles were described bj’’ Martin as early 
as 1765, it was not until 1897 that Marie and Sainton further 
described and named the defect Cleido-cranio Dysostosis. 

In 1902 Paterson published observations to show that the clavicle 
is developed in two portions: the outer part ossifies in membrane 
before cartilage formation takes place, the inner ossifies in cartilage. 
The clavicle is the first bone to ossify in man. A center appears in 
the 5th week or earlier— before a cartilaginous basis has begun to 
form; Fawcett demonstrated an embryonic clavicle in a 17-cm. 
fetus. The pathogenesis of this condition is obscure. Jansen of 
Leyden in 1921 suggested that a small amniotic sac exerted pressure 
on the growing cells, and caused congenital defects according to the 
time this occurred, but of course the hereditary factor must be 
borne in mind. The defect in the clavicles may range from a break 
in continuity simulating an ununited fracture to complete absence 
of both bones. 

The cranial vault and facial bones also often present abnormalities. 
There is an increase in girth and breadth of the skull giving a cephalic 
index greater than normal, while the facial measurements are below 
the average. The frontal and parietal eminences are unduly large, 
the sutures and anterior fonlanelle remain open. The palate is 
highly arched, with a median furrow; the inferior maxilla is prog- 
nathous; the teeth are late in erupting and are incomplete and irreg- 
ular in development and setting. 

The phalanges are shorter than normal. There is frequently a 
spina bifida, and occasionally defects in the ribs and coccyx. 

The height is below normal average giving the appearance of mild 
dwarfism. There is generally no disability from the defective clav- 
icles, and rarely is pain caused by pressure of the clavicular stumps 
upon bloodvessels or nerves beneath. 

The sex frequency is apparently equal. Fathers or mothers may 
transmit the condition to sons or daughters, and it may involve 
three or four generations. However, isolated cases are not rare. 

Lues is not a causative factor, and associated diseases, such as 
tuberculosis, are negligible. Early rickets is found in some cases, 
although many are diagnosed as such before the true state is dis- 
covered. 


Read before The Philadelphia Pediatric Society, January, 1934. 
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Case Abstracts. Case 1. — On February 6, 1933, Harrj’’ E. was brought 
to our clinic because he was thin and small for his age. He was a white 
boy, aged 7, height 41| inches, weight 38^ pounds. He was pale but not 
acutelj’’ ill. Temperature 99 axilla, pulse 96, respirations 26. His head was 
large mth prominent frontal and parietal eminences, and obvious grooves 
between these bones. The anterior fontanelle was open, and the vertex 
distinctly flattened. His face was small and receding in comparison with 
the cranium. The root of the nose was depressed and broad, the eyes set 
far apart, the lower jaw small and chin pointed. 

The eyes, nose and ears were grossli"^ negative. The palate was highlj’- 
arched vdth a deep median furrow from the dental arch to the soft palate. 
The teeth were irregular and crowded; onty 3 upper and 3 lower incisors were 
present and no permanent teeth had erupted. The tonsils were small and 
cryptic. 



Fig. 1. — Two cases of cleido-cranio dyostosis. Harry, age 7 years, and his father, 
showing conformation of head and chest. 

His chest was tliin, with sloping shoulders and depressed sternum, especi- 
all}'^ at the xj'^phoid. No clavicles were palpable. The lower ribs were 
flared but there was no Harrison’s groove or rachitic rosary. The scapula; 
were small but prominent. The lungs were resonant and breath sounds 
physiological. The heart was not enlarged; no murmurs elicited. 

The abdomen was somewhat distended but soft. The liver was palpated 
1 inch below the costal margin; no other organs or masses felt: no tender- 
ness elicited. 

His extremities were thin, no apparent disability or wealmess, in fact, he 
was delighted to perform several contortionist stunts. His hands and feet 
stubby with short thumbs. No epiphyseal enlargement noted. 

The Roentgen ray reports are as follows: “The right cla-vicle is entirely 
absent and only a small, rudimentar 3 ' inner portion of left clavicle is visual- 
ized. Lung fields appear normal. Diaphragms are clearlj’' lusualized. The 
heart is not enlarged. The head is square-shaped. The anterior fontanelle 
is very vide and open. There is considerable thinning of the plate of the 



Fig. 2. — Roentgen ray of chest shomng absence of right clavicle and rudimentary 
inner portion of left clavicle. 



Fig. 3. Roentgen ray of skull showing the open fontanelle, and non-union of the 
lower jaws at the symphysis. 





Fig. 4. — Lateral view of skull. This shows thinning of the plate of the frontal 
bone and widening of the sutures. The posterior portion of the skull drops below 
the usual level at the foramen magnum. 



Fig. 5. — There is delayed development of the epiphyses of the carpal bones. The 
second phalanges of the index and little fingers are much shorter than normal and 
somewhat irregular in outline. 
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frontal bone. There is some \\ndening of the sutures. The sella turcica 
appears normal. There is non-union of the lower jaws at the symphysis. 
The septum is considerably deflected to the right. There is delayed develop- 
ment of the epiphyses of the carpal bones. The second phalanges of the 
index and little fingers are much shorter than normal and somewhat irregular 
in outline.” Diagnosis: Cleido-cranio dysostosis. 

The blood calcium was 10.4 mg. per 100 cc.; phosphorus was 3.9 mg. 

Past History. The patient was bom in Philadelphia, full term, breech 
delivery. It is noted that he “was unable to move arms at all for 3 weeks. 
At 3 months he was admitted to the Babies’ Ward of this hospital, because 
of failure to gain weight. His condition was immediately recognized and 
confirmed by Roentgen ray. 

Much of the next 9 months was spent in the hospital. He gained weight 
slowly, reaching 14 pounds 12 ounces at 11 months. His skull increased to 
a circumference of 17 inches, mth the anterior fontanelle large and tense, 
3 by 4| inches. Both the blood and spinal. fluid Wassermann tests were 
negative, but he was given mercurial inunctions for 3 weeks. No other 
blood studies were made. 

During 1927, 1928, and 1929, he was in fairly close touch with the clinic. 
In 1928 he had measles, pneumonia and pleurisy. His blood Wassermann 
test was again negative. 


Chart 1, 


Henry (d. at 69 yrs.) 




✓ 








1 

Lewis 

(d.atAO) 

1 

daughter 
(d. In infancy) 

1 

Joseph 
(54 yrs.) 




</ 



? 


? 


1 

Joseph 

(30) 

1 

George 

(20) 

■ 1 

Chorles 

(26) 

Elwuod 

(23) 

1 

Katherine 

(20) 

1 

John 

(10) 

1 

Margaret 

(12) 

Harry 

(7) 


Aflecled Members 


j j Not Alfected Members 

The numbers in brackets show the present aoes of livino members. 

At 2 years he weighed 22^ pounds; at 3, 25^ pounds; height 32 inches; at 
4, 27 pounds,' height not recorded; at 4f, 29^ pounds, height 36 inches; at 
6, 33 pounds, height 38 inches; at 7, 385 pounds, height 41^ inches. 

His present measurements are normal for 5 years. 

This yearly increase in weight and height compares favorably with the 
normal average for ages 5 to 7 inclusive. Although he has always been 
short for his age, his weight has corresponded vdth his height according to 
Woodburjr’s tables (U. S. Dept. Labor). 

Family History. Harry is the youngest of 8 siblings, all liAung. There 
have been no miscarriages nor stillbirths. Of the 8 children, 3 boys and 
1 girl have defective clavicles, abnormal skulls, and malformed teeth. 
The father, Joseph, has rudimentary clavicles, and his brother, Avho died 
unmarried at 40, resembled him. The only other member of that generation 
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was a sister who died in infancy, condition unknown. Joseph’s father had 
no clavicles, but nothing is knoivn of his grandfather or of collateral branches 
of the family. Thus we have a history of 3 generations including 7 affected 
members. The family tree given below starts with the patient’s grand- 
father and represents all of his descendants. 

This family is of Pennsylvania stock, English descent, sturdy and able 
to do vigorous work. Joseph is a pipe fitter employed by the Westinghouse 
Company, his brother Lewis was a sailor and died by drowning. The 
father, 6 sons, and 1 of the 2 daughters, have been studied and the following 
data collected. 

Case 2. — Joseph, Sr., aged 54, shows that “both clavicles are rudimen- 
tary. The scapulae are much smaller than normal, elevated; the chest is 
sort of barrel-shaped. The heart is not enlarged. Arch of aorta shows some 
evidence of arteriosclerosis, and the diaphragms are clearly visualized. 
The terminal phalanges are much smaller than normal. The epiphyseal 
line of the lower radius is still demonstrable but is united. All the carpal 
bones are present. The right frontal sinus is absent. The left one is some- 
what smaller than normal. The septum is deflected to the left. There is 
no evidence of any unerupted teeth. The sella turcica is normal in shape 
and outline; not enlarged; no evidence of intracranial pressure. Suture 
lines are well outlined showing evidence of calcification.” Roentgen-ray 
report March 13, 1933. 

The blood Kahn test was negative; blood calcium, 10.2 mg. per 100 cc.; 
blood phosphorus. 3.3. 

Case 3.— Joseph, Jr., aged 30, known to medical chnic. “Typical 
neurasthenic.” “The clavicles appear normal. The scapulce are normally 
outlined; lung fields and cardiac silhouette are normal. The sella turcica 
is normal in size and outhne. The suture lines are normal. There are 
several unerupted teeth in upper jaw; otherwise the maxilla; and mandible 
appear normal.” (Roentgen ray report March 10, 1933.) 

Case 4.— George, aged 28, apparently normal white male. “The clavicles 
appear normal. Scapulte are well-formed. The ribs and lung fields are 
normal. The heart is not enlarged. Sella turciea is normal in outhne. 
There is no evidence of intracranial pressure. Suture lines appear normal. 
There are several unerupted teeth in the upper and lower jaws.” (Roentgen 
ray report March 6, 1933.) 

Blood calcium 13.8 mg. per 100 cc.; phosphorus, 2.5. 

Case 5. — Charles, aged 26, distinct type of cleido-cranio dysostosis. 
“This is another case of cleido-cranio dysostosis, described previously in 
other members of the family, showing abnormal development of the clav- 
icles and under development of the scapulse. Numerous unerupted teeth 
and non-union of the superior maxilla with an ectopic frontal suture, widen- 
ing and squaring of the head and non-union of the suture lines. Sella is 
normal in size.” (Roentgen ray report March 13, 1933.) 

Blood calcium 10.7 mg. per 100 cc.; phosphorus 2.2. 

Case 6. — Elwood, aged 23, pipe fitter, apparently normal male. “The 
clavicles and bones of the skull do not show the typical findings we have 
noted in the other members of the family. Both clavicles are normally 
formed. There is no evidence of undescended teeth and the bones of skull 
appear normal.” (Roentgen ray report March 13, 1933.) 

Blood calcium 10.7 mg. per 100 cc.; phosphorus 2.5. 

Case 7. — John, aged 18, full term, normal delivery, birth weight 9 
pounds. He had the usual childhood diseases. He first came to the clinic 
June 20, 1927, aged 12-| years. 

The 'physical examination at that time is as follows: “Bosses enlarged. 
Nose stubby and bridge typically that of adenoids. Tonsils cryptic, not 
overly enlarged. Shoulders sloping. Funnel-chested. Shght marks of 
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rachitic rosary. Heart slight heave. No thrill. Marked impulse 5th and 
6th interspace below nipple, size of a quarter. Soft blowing quality 1st 
sound. P2 > A2. Sinus arrhythmia. No murmurs. Chest and abdomen 
othemdse negative. Nails are some of them curved.” 

On September 26, 1927, there is a note “No complaints. . . . Eden- 
tulous and lacking outer half of clavicles.” 

June, 1927, weight 67 pounds; September, 1927, 7 O 5 pounds; April, 1928, 
73? pounds; height 51 inches (normal height for 9 years). 

Roentgen ray taken March 13, 1933: “This is another case of cleido- 
cranio dysostosis, described previously in the other members of the family, 
showing the abnormal development of the clavicles and underdevelopment 
of scapulse. Numerous unerupted teeth and non-union of the superior 
maxilla "with an ectopic frontal suture, widening and squaring of the head 
and non-union of the suture lines. Sella is normal in size.” 

Blood calcium 11.6 mg. per 100 cc.; phosphorus 2.8. 



F.g. 6. — Margaret, age 12 years, showing eruption of permanent incisors 
behind deciduous teeth. 


Case 8.— Margaret, aged 12, height 55J inches, weight 102 pounds, 
short, obese, white girl not yet adolescent. Her head is large, with prom- 
inent frontal bosses and a broad low forehead. The anterior fontanelle is 
apparently closed. The eyes are set far apart, but othemdse grossly nega- 
tive. The nose and ears are normal. The chin is small and pointed, the 
palate highly arched, with a deep groove from the incisors to the soft palate. 
The tonsils are small. The teeth are irregular, poorly formed and carious. 
The second set of incisors are erupting behind the deciduous teeth which 
are still present. 

_ There is no cervical adenopathy, but the thyroid is palpable. Her chest 
IS round and obese. There is a partial clavicle palpable on the left and a 
stub attached to the sternum on the right. The lungs are clear and the 
heart apparently normal. The abdomen is obese, no tenderness nor rigidity, 
no masses nor organs palpable. Her hands and feet are stubby, with short 
thumbs. There is no evidence of old rickets. 

“There is only a small rudimentary portion of the right clavicle present, 
and a somewhat larger rudimentary clavicle on the left side. On the right 
side just the inner third is demonstrable and on the left side the inner two- 
thirds is visualized. The lung fields appear normal. Diaphragms are 
dearly visualized. The heart is not enlarged. The head is square-shaped. 
There is some widening of the sutures. The anterior fontanelle is still open. 
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There is considerable thinning of the vault in this area. There is non- 
ossification of the lower jaws at the symphysis. There is delayed dentition, 
and the terminal phalanges have a peculiar rounded effect. There is an 
ectopic suture in the frontal lobe.” (Roentgen ray reports.) 

Blood calcium 10.8 mg. per 100 cc.; phosphorus 4.5. 

Margaret had a normal delivery at full term. Birth weight 85 pounds. 
She had the usual childhood diseases before she was 6, as well as diphtheria 
and pneumonia. She first came to the clinic in 1927 and was a fairly regular 
visitor for 3 years. Her most common complaint was nausea and vomiting 
mth abdominal pain, and several times appendicitis was considered. Her 
Wassermann test was reported negative in both antigens. It is interesting 
that there is no mention of any bony abnormality during this period, 
although with 2 brothers both loiown to be vdthout clavicles, attending 
clinic at the same time, it seems strange that it was unnoted. No Roentgen 
ray was taken at that time. 

March 14, 1933, B. M. R., -f 18. 

1927, weight 44 pounds, height not recorded; 1929, 52 pounds, height not 
recorded; 1930, 64 pounds, height 50 inches; 1933, 102 pounds, height 55:f 
inches. 

Discussion. Of the 144 cases reviewed by Stocks in 1925, not 
one mentions blood studies other than Wassermann tests. Fitchet, 
in 1929, gives the figures of blood calcium and blood phosphorus on 
1 case and reports 2 other cases as being “within normal limits.” 
Malmberg, in 1932, reports a sporadic case, with a- blood calcium 
of 10.8 and blood phosphorus of 3.8, and quotes Klinke and Pahlke, 
who, in 1930, studied 2 cases with similar results. 

These 4 cases are all that I can find in the literature on which 
blood studies have been reported. To these I have added the figures 
on our patients, which tally closely and I believe are significant. 
In children the normal blood calcium, according to Levinson, 
ranges from 10 to 11.5 mg. %, and the phosphorus from 4.8 to 6.8 
mg. %. In these patients there is a decided lowering of the latter, 
while the calcium maintains a normal level. 


Table 1.— Blood Calcium and Phosphorus Findings in 11 Subjects. 



Patient. 

Children. 

Aj^c, 
years. . 

Blood 
cal ium. 

Blood 

phosphorus. 
(Normal 5 iuk.) 

1. 

Malmberg’s case . 


3 

10. s 

3.8 

2 , 

Klinke and Pahlke's Case 1 

■■n 

12.1 

3.8 

3. 


Case 2 

4i 

11.8 

2.9 

4. 

Fitchet’s case 


10 

10.1 

4.4 

5. 

Harry . . . . 


7 

10.4 

3.9 

c. 

Margaret . 


12 

10.8 

4.5 

7. 

John 

Adults. 

IS 

11.0 

(Normals ing.) 
2.8 

8. 

(Ehvood) . 


23 

10.7 

2.5 

9. 

Charles 


20 

10.7 

2.2 

10. 

(George) . 


28 

13.8 

2.5 

11. 

Joseph. Sr. 


54 

10.2 

3.3 


The two patients in parentheses did not have the dysostosis. 
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Most of the children suffering with this condition are diagnosed 
as cases of rickets, for the clavicular defect is not apparent and the 
square head with prominent bosses is noticed at a glance. 

Like many other defective conditions supposed to be rare until 
we look for them, cleido-cranio dysostosis probably is more common 
than we suspect. Much more study must be done before we can 
draw definite conclusions from this family, but I believe it significant 
that Harry’s retardation of growth occurred within the first 2 years 
of life, and that there is a definitely low blood phosphorus. 

If sporadic cases could be recognized earlj’^, and if affected families 
could be watched and possibly prenatal treatment given, perhaps 
as in rickets, we could alleviate the severity of the defects. 

Summary and Conclusions. A case of cleido-cranio dysostosis is 
reported with Roentgen ray and blood chemistry studies. A family 
tree and brief notes on members of the immediate family are given. 
The blood phosphorus and blood calcium of these 7 individuals 
is compared with figures on similar cases given by other writers. 
The blood chemical findings in the adult members are normal, but 
the children have a normal calcium with a lowered phosphorus 
percentage. 


Acknowledgment is made to the helpful cooperation of the Department of Radi- 
ology in the preparation of the Roentgen ray photographs, and to the Pathological 
Laboratories for the blood chemical examinations. 
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SYMPATHOGONIOMA OF THE ADRENAL. 

H. LeBaron Peters, B.A., M.D., 

PATHOLOGIST, 

AND 

Benjajmin Horn, B.S., M.D., 

ASSISTANT PATHOLOGIST, BRIDGEPORT HOSPITAL, 
BRIDGEPORT, CONN. 

(From the Pathological Laboratorj^ of the Bridgeport Hospital.) 


Sympathogonioaia of the adrenal gland is a tumor growth origi- 
nating in the adrenal medulla derived from the primitive cells of 
the sympathetic nervous system. Marchand, the first to describe 
an adrenal tumor (1891), suggested that tumors of the adrenal 
medulla might have their origin in the embryonic sympathetic 
nerve cells. In 1910, through the work of WrighP these tumors 
were called sympathetic neuroblastomas. Since then, several 
tumors of this tj^pe have been recorded in the literature. That 
these tumors are very infrequent is evident when we note that 
Saphir^ reported his case as the only one in 3950 autopsies. Warthin® 
did not even mention this type of tumor in reporting an analysis of 
2000 cases of malignant neoplasms in the yomig at the University 
of Micliigan. Also, Jacobsen and Hosoi'‘ reported only a single case 
from the Albany Hospital in the last 30 years, while oiu- case is the 
first on record from this hospital in the last 25 years. Li ^^ew of the 
above reports we may say that this tjqje of adrenal tumor is rela- 
tively a rare occurrence; and because of the relative infrequency 
and the interesting features it presents, we add our case to the 
literature. 

In the normal embryonal development of the sjnnpathetic gan- 
glia, the first and most undifferentiated cell arises from the primitive 
neural canal and is called the embryonal neurocjde. Its develop- 
ment into matm:e ganglion cells and chromaffin cells may be tabu- 
lated as follows: 

embryonal neurocyte 

II 

sympathogonin 


sympathoblast 

I 


ganglion cell 


phreochromoblast 

i 

chromaffin cell 


A tumor arising from the sjmpathogonia is called a sympathogoni- 
oma, while a tumor consisting of sympathoblasts is a sjonpatho- 
blastoma and a tumor arising from the ganglion cells is a ganglio- 
neuroma. While such a nomenclature is useful in designating 




Fig. 1.— Photograph of sympathogonioma of the right adrenal. 



Fig. 2. — hlicrophotograph of sympathogonioma of adrenal showing- the primitive 
f sympathetic nerve cells. Hematoxylin-eosin stain. X 250. 





Fig. 3. — Microphotograph shomng the bands of connective tissue between areas 
of densely grouped cells showing complete absence of intercellular stroma. Klarfield’s 
stain. X 125. 



Fig. 4. — Microphotograph of the metastatic nodule in the liver showing the small 
round cell infiltration and necrosis of the immediate surrounding liver cells. Hemat- 
oxylin-eosin stain. X 125. 
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sympathetic nerve tumors, in reality these growths almost always 
contain cells of the different stages of development. In the case we 
are reporting, the tumor showed a predominance of the more imma- 
ture cells, the sympathogonia, with a very few scattered sympatho- 
blasts. According to the classification proposed by Bielschowsky,® 
we designate our tumor a sympathogonioma. Dr. H. M. Zimmer- 
man of the Yale Medical School has confirmed this diagnosis. 

In general sympathogonioma is most common in the newborn 
and the young but cases have been reported in adults by Ritter,® 
Meltzer,^ and by Symmers.® Being composed of primitive imdiffer- 
entiated cells, the sympathogonioma is very highly malignant and 
metastasizes rapidly especially to the liver as was found in our case. 

Grossly, the sympathogonioma tumors may or may not be encap- 
sulated and are fairly soft in consistency. They may grow to the 
size of an apple and on section, the cut surface presents a variegated 
appearance showing areas of hemorrhage and degeneration. Metas- 
tases may appear in the mesenteric and retroperitoneal lymph 
nodes and bone in addition to the liver. Microscopically, the tumor 
consists of large numbers of small imdifferentiated round cells with 
oval deeply staining nuclei, rich in chromatin and surrounded by a 
very delicate ring of cytoplasm. The cells may be arranged diffusely 
or in alveolar formation. In the metastatic lesions, the structure is 
composed mainly of small round cells. 

Case Reports. D. P. B., a, male child, 2 years of age, was admitted to 
the Pediatric service of Dr. C. V. Calvin on August 11, 1933 for listlessness 
and swelling of the abdomen. The past history and family history were 
essentially negative. 

The present illness began 3^ weeks previously when the child became 
listless and developed a slight fever. Under the care of the family physician 
the child apparently improved for a few days, but again became listless. 
A few days before admission, the mother noticed that the child was slightly 
yellow and that the abdomen was getting larger. On admission, examina- 
tion showed a fairly well-developed and fairly well-nourished white male 
child moderately pale and quite irritable. There was no general glandular 
enlargement. The lungs showed dullness on percussion over the right chest 
posteriorly from the level of the spine down, vsith diminution of the breath 
sounds. The heart was normal in size, regular, rapid rate of 140 per minute 
but no murmurs. The abdomen was markedly distended with prominence 
of the superficial veins of the skin. The liver appeared to be emerged, the 
lower edge being palpated at the level of the umbilicus. There was a feeling 
of fullness on palpation in the right costovertebral area but no tenderness 
could be elicited. The extremities showed a slight edema from the toes up 
to the knees. 

Course During^ Illness. The patient slept most of the time and when 
awake he was irritable, restless and refused to eat. The abdomen gradually 
increased in size with the accumulation of fluid. Because of the enlarged 
abdomen with ascites developing fairly acutely, an exploratory laparotomy 
was performed on August 19, through an upper right rectus incision and 
when the peritoneal cavity was opened, a great amount of straw-colored 
fluid escaped from the wound. The fiver was found to be moderately 
enlarged but smooth. As the condition of the patient was critical, extensive 
exploration was not possible. The patient gradually became weaker and 
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soon after regaining consciousness from the anesthesia lapsed into coma and 
died the next day. 

The temperature varied between 98° and 103°, the pulse between 110 
and 160, and respirations around 36 per minute. Mantoux tests vith 0.1 
mg. and 1 mg. of old tuberculin were negative. Blood examination on 
August 11 showed R. B. C. 3,300,000, W. B. C. 6825 with Poly. 76% — 
Band forms 17 %, S. L. 20%, Mono. 4%, Eos. 2%. Hemoglobin 52 (SahJi). 
Platelets 464,000. Icteric index 10. Another blood count 5 days later 
was essentially the same. Bleeding time 2 min. Venous coagulation time 
5| min. vdth clot retraction at 15 min. Blood Wassermann and Kahn tests 
were negative. Sedimentation time was 1 hr. and 25 min. Blood cultures 
showed no growth. The urine on repeated examinations showed a very 
faint trace of albumin. Roentgenologic examination on August 12 reported 
that the right dome of the diaphragm was elevated, the result of an enlarged 
liver. 

Necropsy (restricted to the operative incision, done 1 hr. after death). 
On opening the incision a quart of blood-tinged fluid issued forth. The 
right dome of the diapliragm was at the level of the third rib in the mid- 
clavicular line, the left dome at the fourth intercostal space. The lower 
border of the liver extended 4 inches below the costal margin, was pale 
yellow and smooth, except for 2 very small white nodules about 1 cm. in 
diameter on the superior surface of the right lobe. The abdominal viscera 
appeared to be pushed forward by some mass deeper in the abdominal ca^dty. 
There were numerous small glands at the root of the mesentery, varjdng in 
size from 1 to 5 cm. in length, pale red and very soft in consistency. The 
spleen appeared to be normal. The Uver when removed was enlarged, 
weighing 480 gm., capsule smooth and pale and except for the two small 
nodules on the superior surface showed no ^oss change. The left kidney 
was normal in size, pale red in color and weighed 68 gm. The left adrenal 
was normal in size and the cut surface showed no gross change. The right 
kidney was found to be compressed at the upper pole by a mass which 
replaced the right adrenal gland (Fig. 1). The mass measured 6 inches long, 
4| inches wide and 4 inches in depth. It was grosslj’^ nodular in appearance, 
grayish-yellow in color, and moderately soft in consistency. Attached to 
the posterior surface were numerous matted glands. On section, the cut 
surface of the tumor mass presented a variegated appearance consisting 
of reddish-yellow areas with parts showing hemorrhage and necrosis. Near 
the periphery, in some sections, could be seen portions of the yellow-brown 
structure of the adrenal cortex. The compressed kidney below the tumor 
mass showed no neoplastic involvement. 

Sections of the tmnor were stained wdth hematoxyhn and eosin. Van 
Gieson’s stain, Mallory connective tissue stain, Klarfield’s tannic acid 
silver carbonate stain and with Bielschowsky stain. Histological examina- 
tion of the A^arious sections showed that the tmnor consisted mainlj’’ of small 
round cells about the size of small lymphocytes, with round deeply sta inin g 
stippled nuclei and surrounded by A'ery scant cytoplasm hardly discernible 
(Fig. 2). These cells are identical with the cells described bj’’ Bielschov^ky 
as sympathogonia. 

Scattered among these cells were seen some somewhat larger round cells 
mth clearer A’^esicular nuclei. ' In the main, the tumor cells had no definite 
arrangement, lying diffusely in a very small amount of connective tissue 
stroma. Although the neoplasm had very little intercellular stroma, there 
Avere seen rather A\'ide bands of connectRe tissue which subdhdded it into 
zones of polygonal shape and A'^arious sizes. These bands AV'ere best seen 
in the Klarfield’s tannic acid silver carbonate stain (Fig. 3). 

Bielschowsky preparations for axis cyRnders did not reveal any such 
structures in the neoplasm. Nissl preparations to demonstrate tigroid 
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substance in the cytoplasm were also negative. These results indicated 
that this neoplasm was a very primitive one and the cells represented sym- 
pathogonia. 

Histologic eJcamination of the small nodule in the liver showed a small 
round cell infiltration with necrosis of the immediate surrounding liver cells 
(Fig. 4). 

Summary. 1. Sympathogonioma of the adrenal gland is a rare 
tumor, consisting of the most primitive sympathetic nerve cells 
(sympathogonia) . 

2. A case of sympathogonioma of the adrenal is reported in a 
child aged 2 years with metastases in the liver and retroperitoneal 
lymph nodes, fatal within 5 w^eeks after the onset of illness. 
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THE TREATMENT OF BICHLORID OP MERCURY POISONING: 

A STUDY OF 46 CASES. 

By William B. Porter, M.D., 

PROFESSOR OF MEDICINE AND CHIEF OF MEDICAL SERVICE, 

AND 

C. E. Simons, M.D., 

RESIDENT PHYSICIAN IN MEDICINE, MEDICAL COLLEGE OF VIRGINIA, 
RICHMOND, VA. 

(From the Hospital Division, Medical College of Virginia.) 

Tins study is concerned with an analysis of 46 patients who gave 
conclusive histories of having taken orally corrosive sublimate and 
who were treated on the medical wards of this hospital from January 
1, 1927 to December 31, 1933. Eleven additional patients seen 
during this period gave similar histories, but the subsequent data 
and their clinical behavior introduced reasonable doubt as to the 
accuracy of their statements and they ivere therefore discarded 
from this study. 

The evaluation of any method of therapy in corrosive sublimate 
poisoning must be made with the full realization that there are 
concerned many faetors which cannot be completely and adequately 
subjected to analysis. Comparative results are therefore not entirely 
trustworthy, yet the number of cases here studied is sufficient more 
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or less -to eliminate the variable equations and the results obtained 
do indicate that the therapy adopted is superior in kind. 

All of the patients were observed for a length of time sufficient 
for the ultimate outcome to be noted. There were only 3 deaths, 
a mortality of 6.5%. 

The therapy was designed in the full realization that for the pres- 
ent there is not available a trustworthy antidote for mercurj’^ poison- 
ing. In the light of this important fact we based our therapeutic 
technique upon the known effects of ingested mercurj- and the prob- 
able pathogenesis of the fatal sequelie. 

The corrosive effect of bichlorid of mercury on the gastro-intestinal 
tract initiates a physical and biochemical state similar in its essential 
natiue to that seen in extensive cutaneous burns. At times the 
shock and circulatory depression is so severe that death occurs 
within a few hours; and while this is unusual, the development of 
renal insufficiency immediately after the taking of the mercurj^ 
frequently occurs. One of our patients excreted no luine for 192 hr., 
the anuria having followed immediately the taking of the mercury. 
Recovery occurred despite the fact that a blood creatinin of 12.2 mg. 
per 100 cc. was reached before diuresis was established. 

The renal insufficiency follows immediately upon ingestion- of 
mercurj- in those patients who have taken large amounts of the 
substance and in whom the corrosive effects are severe. It is im- 
doubtedty due in part to the direct action of mercurj' on the capil- 
laries of the glomeruli, but is more largely due to the concentration 
of blood and the depletion of the electroljdes operating jointlj' with 
distmbance of blood flow induced bj' shock and possiblj* more 
speciflcallj' through the medianism of the vasomotor innervation to 
the splanchnic and renal vessels. 

After the flrst 24 hr., renal insufficiencj' is the most important 
complication and it is related directlj' to the lesions produced in the 
kidnej'^ by the absorbed mercurj'. These lesions consist mainlj’ of 
extensive necrosis of the epithelial cells lining tlie convoluted tubules 
and the proximate convoluted segments are those most severelj' 
involved. The glomeruli appear normal except for varying degrees 
of congestion and occasional swelling and desquamation of the cap- 
sular epithelium. One flnds a reasonable explanation for the escape 
of the glomeruli on the one hand and the severe necrosis of the tubu- 
lar epithelia on the other in the high concentration of tlie glomerulus 
flltrate which occurs in the convoluted tubules. It is certain that 
mercury is excreted bj' the glomeruli and is dealt with bj' the tubules 
in the same fashion as other non-threshold bodies, and therefore 
reaches a high concentration in this area. Cushnj'* states that 1 
liter of urine is formed from 63 liters of glomerulus filtrate and it is 
reasonable to assume that a much higher concentration exists in 
merciuj' poisoning where dehj'dration occurs rapidlj’ and is at 
times severe. Fatal uremia appears during the “graj-” stage of 
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mercury nephrosis in the large majority of those who succumb to 
uremia after the first 48 hr. During this period the necrotic cells 
are being crowded into the lumen of the urinary tubules by the 
rapid development of new epithelia. Mechanical blockage of 
tubules by cell debris and urinarj’’ casts conceivably could cause 
complete cessation of filtration by these glomeruli. The absence of 
dilatation of the glomeruli has been suggested as an argument 
against the obstructive mechanism of the uremia of mercury nephro- 
sis. This objection does not appear reasonable in a condition so 
acute, and furthermore it is not tenable that dilatation could occur 
when the kidney, as the result of the diffuse pathologic processes, 
is tensely swollen in its capsule. If then renal insufiiciency is caused 
by the effects upon the glomeruli of the mechanically obstructed 
convoluted tubules, it follows that consideration must be given to the 
use of measures which may prevent this complication. 

The exact mechanism of the formation of urinary casts is not 
understood, yet it is known that thej'^ are composed of precipitated 
protein and varying amounts of epithelial cell debris. Meyler^ 
believes that urinary acidity reduces the globulin fraction to its 
isoelectric point and that the precipitation of this protein forms 
casts. Whether or not this bp entirely correct, it is nevertheless 
true that blood and tissue proteins are less soluble in acid urine 
which has a pH of approximately 5 than in urine alkalin to litmus 
which has a pH of approximately 7.8. The isoelectric points of 
serum albumin and serum globulin are pH 4.7 and pH 5.7 respec- 
tively. Their place of least solubility is around the average urinary 
acidity. These facts have suggested a reasonable basis for the forc- 
ing of fluids to increase the amount of glomerulus filtrate in an effort 
to prevent stasis; and for the use of sodium bicarbonate to maintain 
urine alkalin to litmus at the kidney level, and conceivably to 
modify cast formation in the urinary tubules. 

In the early stages of poisoning there occurs blood concentration 
and a definite reduction of the electrolytes as indicated by the 
plasma chlorids. 

In all of the patients of this series with a leukocyte count above 
20,000 per c.mm. the red cell count was 5,000,000 or more per c.mm. 
In this same group the patients on whom plasma chlorid studies 
were made all were below normal, the lowest being 186 mg. per 
100 cc.; the highest 420 (as sodium chlorid). These findings indicate 
the necessity for using a solution for the relief of dehydration and 
for the replacement of plasma electrolytes. 

The colon is an important avenue for the elimination of mercury, 
and colitis occurring in mercury poisoning is due to the action of 
mercuty on the epithelial lining of the gut, during the process of 
excretion. It is improbable that colitis can be prevented by colonic 
irrigation, yet it is conceivable that irrigations may prevent reab- 
sorption of excreted mercury. 
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Three (3) deaths in 14 cases -with a leukocyte count above 20,000. Percentage deaths, 21-43 per cent. 
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Obviously the prompt and thorough removal of the mercury 
from the stomach by gastric lavage is the most important procedure 
in reducing morbidity and mortality. For the lavage a saturated 
solution of sodium bicarbonate is used, the reason for this being 
that the albuminates formed from contact of the mercury with the 
gastric mucosa, ingested proteins and mucin are readily soluble in 
an alkalin solution and will consequently be more completely 
removed. 

The outline of therapy which follows is that used routinely on 
the medical wards and in principle has been adhered to in every 
instance in the treatment of this series of cases of mercury poisoning. 
Any modification in details of treatment has been influenced by 
variations from the expected clinical course of patients and to the 
development of unusual complications. 

Chart III. — Summary of Results. 


White. 


Negro. 


Oldest 
Youngest 
Average age 
Number of eases 
Deaths . 


Male. 

Female. 

Male. 

Female. 

48 yrs. 

36 yrs. 

, 

34 yrs. 

19 yrs. 

16 yrs. 

, 

22 yrs. 

29 j'rs. 

24 yrs. 


28 yrs. 

22 

22 


2 

2 

1 

• • 

0 


Total number of cases, 46; 


total number of deaths, 3 (6.5%). 


• 

Plasma non-protein 
nitrogen. 

Colitis 

and 

uremia. 

Saliva- 
tion and 

Leukocyte count. 


Above 
50 mg.%. 

Below 
50 mg.%. 

alveolar 

necrosis. 

Above 

20,000. 

Below 

20,000. 

Number of cases 

9.0 

37.0 

5.0 

2.0 



Per cent of cases 

19.5 

80.5 

10.8 

4.3 



Deaths 

3.0 

0.0 

3.0 

0.0 


0.0 


Treatment in Detail. 1. Immediate gastric lavage with a saturated 
solution of sodium bicarbonate, temperature 100° F. Tliis is continued 
until the return fluid is clear. The lavage is repeated every 12 hr. for the 
first 5 days and is continued over a longer period if the chemical analysis of 
the washings shows mercury. 

2. Morphin sulphate is administered immediately after the primary 
gastric lavage. This is repeated at intervals dependent upon the degree of 
shock, Ammiting and pain; but the principle should be to relieA’^e discomfort, 
retching and shock. 

3. Sodium bicarbonate, 500 cc. of a 5% solution, is given intravenously 
immediately after the lavage, and 1000 cc. of normal saline solution are 
administered subcutaneously. As long as vomiting persists the same 
amount of each solution is repeated every 12 hr. 

4. Sodium bicarbonate 5 gm. is given orally every 3 hr. during the day 
and every 4 hr. during the night. The amount of bicarbonate may be 
varied prowded the urine is kept alkalin to litmus. 

5. The total daily fluid intake must be at least 5000 cc. for an adult, 
and tills amount must be maintained by oral, subcutaneous or intravenous 
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route, dependent upon the ability of the patient to retain the substances 
taken orally. Preference is always given the oral method. 

6. The daily diet is orange juice 500 cc., milk 1000 cc. and beta lactose 
100 gm. One egg daily is added as soon as vomiting is controlled. The 
feedings should be given every 3 hr. If vomiting interrupts the feeding 
schedule, 10% glucose solution is given intravenously in amounts sufficient 
to maintain an intake of at least 1000 calories. The bicarbonate solution 
can be made with the glucose solution and the injection given by the intra- 
venous “drip” method. After the first week adequate nutrition and medi- 
cation are in some cases interrupted by the development of a severe stoma- 
titis and esophagitis. In 2 of the patients of this series a gastrostomy was 
done and we feel that it was the deciding factor in recovery. All the food 
and medicine were given through the gastrostomy tube and only water 
was given orally. 

7. A colonic irrigation, using 5% sodium bicarbonate solution is given 
daily and is continued until recovery is assured. 

Discussion. In evaluating a therapeutic principle, conservatism 
guided by a critieal assay of the variable actors is imperative lest 
credit be given where credit is not due. To conclude that alkaliza- 
tion is solely responsible for the results obtained in this series of 
cases would be but to add another to those errors which arise in 
the evaluation of therapeutic procedures. Manifestly early emesis, 
the presence of food in the stomach, and prompt and thorough 
gastric lavage were largely responsible for the low mortality and 
morbidity. 

An analysis of the methods of treatment advocated by various 
writers shows in common the principle of elimination and the use 
of various substances which tend to promote alkalinization. Evans® 
in 1880 advocated alkalies in the treatment of mercury poisoning 
and Hirsch^ suggested sodium bicarbonate as an antidote for mer- 
cury. Weis® emphasized the importance of alkalies and recom- 
mended sodium bicarbonate for gastric lavage. He based his 
therapy on the observations of MacNider® which indicated that 
an “acid intoxication” was an important feature of bichlorid of 
mercury poisoning. However, when one reviews the various meth- 
ods of treatment advocated he feels that there is little justification 
for their complexity. The efficiency of any therapy for a disease 
caused by the ingestion of a poisonous substance must rest primarily 
upon an efficient method for the prompt removal of the harmful 
material from the stomach. The method must be simple, the drugs 
used in the treatment easily obtainable, and in the absence of a 
known antidote the therapeutic technique must be designed so 
that the fatal sequelae may be prevented. The measures used in the 
treatment of this series of cases seemingly met these requirements 
quite satisfactorily. 

An analysis of Chart H shows that of the 11 patients with a 
leukocyte count above 20,000 per c.mm. who recovered, only 1 had 
symptoms indicating colitis and that of mild type and short dura- 
tion. Only 4 had a plasma non-protein nitrogen as high as 50 mg. 
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per 100 cc. These data suggest that the therapy used modified or 
prevented the development of the kidney lesions lesponsible for 
renal insufficiency; and almost totally eliminated colitis. 

The infrequent occurrence of true mercury stomatitis was espe- 
cially striking. Stomatitis occurring immediately as a result of 
the corrosive effects of mercury was present in 15 patients, but 
only 2 patients developed the severe type with salivation and alveo- 
lar necrosis. It is interesting that both of these patients developed 
anuria immediately after taking mercury. In one of them anuria 
lasted 192 hr., and in the other 84 hr. Both patients recovered, 
although the stomatitis was complicated by severe esophagitis 
which necessitated gastrostomy. 

The prognostic significance of the leukocyte count is emphasized 
by this series of cases. The 3 fatal cases had leukocyte counts 
above 35,000 per c.mm., and only 1 patient with a leukocyte count 
above 30,000 per c.mm. recovered. 

Conclusions. 1. While there is no known specific antidote for 
corrosive sublimate poisoning, yet a therapeutic scheme which 
emphasizes the use of sodium bicarbonate solution for gastric lavage, 
for colonic irrigation, and for dosage in amounts sufficient to main- 
tain urine alkalin to litmus apparently reduced the mortality and 
morbidity in this series of patients so treated. 

2. A concept of the mechanism of renal insufficiency in mercury 
nephrosis is presented and a tenable explanation of the mode of 
action of alkalization in preventing uremia is offered. 
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A STUDY OF AURICULAR FIBRILLATION FOLLOWING 
OPERATIONS FOR GOITER. 

By a. Carlton Ern-stene, M.D., 

AND 

Bert E. Mulvey, hl.D., 

CLEVELAND CLINIC, CLEVELAND, OHIO, 


Auricular fibrillation is the most common cardiac irregularity 
observed in hyperthyroidism. In a considerable number of cases 
the arrhythmia first develops shortly after thyroidectomy, and it is 
with this postoperative complication that the present investigation 
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is concerned. The study is based on 405 consecutive cases in which 
thyroidectomy was performed. Of these patients, 192 had adenoma- 
tous goiter without clinical or laboratory evidence of hjiierthyroid- 
ism, while the remainmg 213 had hyperplastic _ or adenomatous 
goiter vdth hyperthyroidism. Sixteen patients with hyperthyroid- 
ism had auricular fibrillation before operation (7 %). The arrhyth- 
mia also was present before operation in 2 individuals whp had 
adenomatous goiter without h 5 T)erthyroidism. Auricular fibrilla- 
tion developed after operation in 35 of the 387 patients who had 
regular rhythm during the pre-operative period. It seemed that 
analysis of these 35 cases might yield considerable information 
concerning the pathogenesis and clinical importance of postopera- 
tive auricular fibrillation. 

Of the 35 patients 31 had hyperthyroidism. They constitute 16% 
of the 197 patients with thyrotoxicosis who had normal rhythm 
before operation. The other 4 individuals presented no evidence of 
hyperthyroidism. Of the 35 patients 27 were women and 9 were 
men. All were between the ages of 35 and 61 years, but only 5 were 
less than 40. The basal metabolic rates in the patients with hj^per- 
thyroidism ranged from -f 8 to -1-76%. In 11 individuals the rate 
was -1-20% or less, but 5 of these had received iodids or Lugol’s 
solution before entrance to the hospital. The metabolic rates in 
the patients without hj^erthyxoidism were between —8 and -f 9%. 
In the patients with hyperthyroidism, symptoms had been present 
for 4 months to 8 years, with an average duration of 23 months. 
Nine patients had had symptoms for more than 30 months; 1 had 
had a thyroidectomy for hyperthyroidism 8 years before the present 
admission and had had a gradual recurrence of symptoms after 4 
years. Of the 35 patients, the 27 who were able to estimate the 
duration of the thyroid enlargement had had it from 1 to more than 
40 years. Only 3 of the 27, however, had had noticeable goiter for 
less than 5 years. 

Palpitation and dyspnea on exertion had been noted by practi- 
cally all of the patients, but none had had myocardial failure and 
none presented evidence of congestion in the pulmonary or peripheral 
circulation at the time of admission to the hospital. The clinical 
histories suggested that 2 of the patients with hyperthyroidism had 
had short paroxysms of auricular fibrillation in the past. Two 
patients had had rheumatic fever during adolescence, and 3 others 
had had frequent attacks of tonsillitis. In 5 patients, all with hyper- 
thyroidism, the systolic blood pressure remained above 150 mm. 
and the diastolic pressure above 90 mm. throughout the period of 
observation. Several individuals had slight or moderate degrees of 
peripheral arteriosclerosis, but extreme sclerosis was not recorded in 
any .instance. Slight enlargement of the heart, as estimated by 
physical examination and roentgenologic studies, was present in 4 
patients. Seventeen had systolic murmurs over the cardiac apex 
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or pulmonic valve area, and in 3 of these there was a systolic murmur 
in the right second intercostal space. None had a diastolic murmur. 
One patient vdth hj^ierthyroidism had numerous premature beats 
during the pre-operative period. Electrocardiograms were made in 
approximately one-half of the cases. Slight or moderate degrees 
of left-axis deviation were observed occasionally, but the tracings 
usually were essentially normal. Krumbhaar,i however, observed 
either right or left axis deviation to be frequent in patients with 
hyperthjToidism. 

Onset of Postoperative Auricular Fibrillation. — In 2 indi^^duals, 
auricular fibrillation developed during the operation, and in 4 
others it appeared within the first 23 hours after operation. In 
23 of the 35 patients, the irregularity began between 24 and 59 hours 
after operation, while in 6 it developed between 60 and 120 hours 
after operation. 

In all patients, auricular fibrillation appeared dming a time when 
the temperature was elevated, and in a few, normal rhythm was 
reestablished as the temperature curve returned rapidly to normal. 
A number of patients, however, had only slight postoperative fever, 
and in a majority it was not possible to establish a relation .be- 
tween the course of the temperature curve and the duration of the 
arrhythmia. 

In 3 patients in whom the irregularity developed during the first 
23 hours after operation, normal rhythm was reestablished after 3 to 
13 hours, only to be followed by a second paroxysm of fibrillation 20 
to 46 hours later. 

Duration of Postoperative Auricular Fibrillation. — ^The arrhythmia 
lasted for less than 24 hours in 18 of the 35 patients and in’ only 8 
individuals did it persist for more than 48 hours. The longest dura- 
tion observed was 8 days. 

Symptoms. Several patients complained of palpitation during 
the period of fibrillation, and in 4, slight or moderate dyspnea also 
was noted. In 1 indhudual, whose arrhj'thmia lasted 74 hours, rales 
developed over the bases of the lungs and moderate edema appeared 
over the lower back. 

Type of Goiter. Pathologic examination of the surgical specimens 
from the 213 patients with hyperthyroidism revealed hyperplastic 
goiter in 117 instances, combined hjqDerplastic and adenomatous 
goiter in 17, colloid goiter with multiple adenomata in 62, colloid 
goiter in 9 and adenomatous goiter in 8. In the 31 individuals with 
hyperthyroidism in whom auricular fibrillation developed after 
operation, the specimen revealed hj'perplastic goiter in 9 instances, 
hyperplastic and adenomatous goiter in 2, colloid goiter with mul- 
tiple adenomata in 18, colloid goiter in 1 and adenomatous goiter 
in 1. In all 4 cases in which postoperative fibrillation developed 
in patients without hyperthyroidism, pathologic examination showed 
colloid goiter vdth multiple adenomata. 
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Discussion. Comparison of the patients who had postoperative 
auricular fibrillation with those in whom the cardiac rhythm re- 
mained regular revealed no differences that might have been used 
to forecast the development of auricular fibrillation after operation. 
Studies by several investigators^-^ have demonstrated that the 
incidence of auricular fibrillation during hyperthyroidism is more 
directly related to the age of the patient than to any other measur- 
able factor. The arrhythmia is observed infrequently in thyrotoxic 
individuals less than 40 years of age. The duration of clinical hyper- 
thyroidism is a less important contributory cause and the degree 
of elevation of the basal metabolic rate is of little significance.^-'^ 
The results of the present study indicate that the factors which pre- 
dispose to the development of postoperative auricular fibrillation 
are the same as those that govern the occurrence of the arrhythmia 
in hyperthyroidism before operation. In postoperative auricular 
fibrillation, however, an additional stimulus connected with the 
operation or the early postoperative course is necessary to initiate 
the arrhythmia. 

Segall and Means® demonstrated that the metabolic rate is 
increased to a variable but usually considerable degree during the 
first few days after subtotal thyroidectomy in patients with hyper- 
thyroidism. They believe that the rise is to be explained largely 
as the result of fever and emotion. It is probable that this increased 
rate of metabolism and the consequent increased load upon the 
heart are the essential factors responsible for the initiation of post- 
operative auricular fibrillation. The same factors may also control 
the duration of the arrhythmia. It must be emphasized, however, 
that the irregularity may occur in individuals in whom the post- 
operative reaction and elevation in temperature are of mild degree. 

Postoperative auricular fibrillation is more common both rela- 
tively and absolutelj'’ in patients with adenomatous goiter than in 
those with hyperplastic goiter.^ This cannot be accounted for 
entirely by differences in the ages of individuals belonging to the 
two groups. In the present series, 41 patients with hyperplastic 
goiter and normal rhythm before operation were 45 years of age or 
more. ^ Of this number, 5 had postoperative auricular fibrillation, 
an incidence of 12%. Thirty patients with hyperthyroidism, colloid 
- goiter with multiple adenomata and normal rhythm before opera- 
tion were 45 years of age or more. Postoperative auricular fibrilla- 
tion occurred in 11 of these, an incidence of 37%. The long dura- 
tion of thyroid enlargement in the majority of patients with adeno- 
matous goiter suggests an explanation for the more common occur- 
rence of postoperative fibrillation in this group. It is possible that 
many of these patients have experienced repeated or prolonged 
periods of low-grade, unrecognized hyperthyroidism before the 
appearance of symptoms of sufficient severity to necessitate seeking 
medical advice. Such subclinical thyrotoxicosis might favor the 
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gradual development of myocardial damage and thus predispose 
to the development of postoperative auricular fibrillation. 

The occurrence of auricular fibrillation after thjToidectomy in 4 
patients with no sjTnptoms or signs of hyperthjToidism is of con- 
siderable interest. Means® recently has emphasized the diagnostic 
value of obser-vdng the effect of iodin on the basal metabolic rate 
of individuals with obscure hyperthyroidism. It Avould have been 
desirable to have made such studies in these patients, for other- 
Avise the possibility of masked thjTotoxicosis cannot be excluded 
absoluteljL 

The dcAmlopment of auricular fibrillation after operations for 
goiter generally is a complication of but little clinical importance. 
The irregularity usuallj'^ lasts for less than 48 hours and rarely causes 
circulatory embarrassment. Normal sums rhythm almost always 
is reestablished spontaneously. In all but a few cases, no treatment 
is necessary. It has been our practice, hoAveAmr, to begin gradual 
digitalization with the onset of the arrhj’-thmia so that the complete 
effect of the drug can be obtained more readily in the rare instances 
in which mild congestive failure does develop. If the arrhythmia 
should persist for more than 1 week, quinidin may be used to restore 
normal rhythm. 

Summary and Conclusions. 1. Sixteen (7%) of 213 patients AAuth 
hyperthyroidism had auricular fibrillation during the pre-operatiA’’e 
period; AAdiile postoperatiA’^e auricular fibrillation developed in 31 
(16%) of the 197 AAdio had normal rhythm before operation. The 
arrhythmia was present before operation in 2 of 192 mdmduals 
AA'ho had adenomatous goiter without hyperthyroidism and dcA’-el- 
oped after operation in 4 other patients in this group. 

2. The age of the patient, tjqDe of goiter and duration of hyper- 
thju-oidism appear to be the most important factors predisposing 
to the development of postoperatiAm auricular fibrillation. The 
degree of elevation of the basal metabolic rate is of little significance. 
The immediate increase in the rate of metabolism following opera- 
tion probably is the essential factor responsible for the initiation of 
the arrhythmia. 

3. Postoperative auricular fibrillation is more common in thyro- 
toxic patients with adenomatous goiter than in those with hyper- 
plastic goiter. This difference cannot be explained entirely by 
differences in the ages of individuals belonging to the two groups. 
The long duration of thyroid enlargement in the majority of patients 
Avith adenomatous goiter may faAmr the gradual development of 
myocardial damage, possibly as the result of repeated or prolonged 
periods of low-grade, unrecognized hyperthyroidism. 

4. Postoperative auricular fibrillation generally begins during 
the first 60 hours after operation. It rarely causes circulatorj'^ embar- 
rassment, and normal rhythm usuallj’^ is reestablished spontaneously 
AAuthin 48 hours. 
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THE ELECTROCARDIOGRAPHIC CHANGES PRODUCED BY 
INJURIES OF VARIOUS PARTS OF THE VENTRICLES.* 

By Herman Korey, B.S. 

STUDENT ASSISTANT, 

AND 

Louis N. Katz, M.D., 

PHYSIOLOGIST AND DIHECTOH OF CARDIOVASCULAR RESEARCH, MICHAEL REESE 
hospital; assistant professor OF PHYSIOLOGY, UNIVERSITY' 

OF CHICAGO, CHICAGO, ILL. 

(From the Cardiovascular Laboratory, Department of Physiology, Michael Reese 
Hospital, and the Department of Physiology, University of Chicago.) 

Certain investigators have claimed that the electrocardiographic 
changes following recent coronary occlusions can determine the 
location of the resulting myocardial infarctions. Thus, Barnes 
and Whitten' reported that typical alterations of the Q-R-S-T com- 
plex occur in infarction of the left ventricle; an infarct in the anterior 
wall of the left ventricle producing a curve which belongs to the Ti 
type of Parkinson and Bedford’s classification- ; and one in the posterior 
wall, a Ts type of curve. However, Gilchrist and Ritchie® in their 
review of the literature of proven cases of recent coronary occlusion 
concluded that the available evidence did not lend support to the 
idea that the form of the. electrocardiogram can be regarded as a 
definite localizing sign of infarction. This deduction is supported 
by the work of Saphir, Priest, Hamburger and Katz'* and by analysis 
of the autopsied cases reported recently by Wilson and his co workers® 
and by Wood, Bellet, McMillan and Wolferth.® While Wilson et al.^ 
in their recent article stated that the location of the infarct plays an 
important r61e in determining the form of the ventricular complex, 
they nevertheless admit that many puzzling cases are met with when 
one attempts to correlate the electrocardiogram with the location 
of the infarct. 

Barnes and Mann^ claimed that in the dog following coronary 
ligation, a Ti type of change occurred when the infarct involved the 
left ventricle and a T3 type of change when it involved the right 

Aided by the Frederick K. Babson Fund of the Michael Reese Hospital. 
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ventricle. Other investigations are not in accord with this inter- 
pretation. Thus, Feil, Katz, Moore and Scott,® Wolferth and 
Wood® and Harris et found a noticeable variability in the tj^je of 
change in the electrocardiogram following ligation of the anterior 
descending branch of the left coronary artery. The first two groups 
of investigators observed that in some instances ligation of this 
branch of the coronary artery produced no changes in the electro- 
cardiogram taken with the standard three leads. 

Other attempts have been made to correlate the location of myo- 
cardial lesions with the tj^e of change seen in the electrocardiogram. 
Thus, Crawford et reported that, with rare exceptions, lesions 
produced in the anterior left ventricle of the cat’s heart by means of 
a cautery gave rise to a Ti type of electrocardiogram and located in 
the posterior left ventricle gave rise to a T3 tjT^e of curve. A similar 
result was reported in the dog by Meek and his collaborators^® 
using radon lesions, only one exception being found (a lesion in the 
posterior left ventricle failed to cause any change.) Meek et aU- 
further reported that lesions in the anterior wall of the right 
ventricle caused either no change or a Ti type of electrocardiogram, 
and that lesions in the posterior wall of this ventricle had variable 
results. Robb^® recently concluded -that the type of electrocardio- 
graphic changes following myocardial lesions was determined by 
the group of muscle bands in which the lesion was produced. She 
reported that the superficial bulbospiral, deep bulbospiral, super- 
ficial smospiral and the deep sinospiral bands each produces its 
ovm characteristic changes. Fowler, Rathe and Smith^'‘ found no 
correlation between the type of electrocardiogram and the location 
of the infarcts produced by tying small branches of the coronary 
arteries. It will be seen from the diversity of opinions expressed 
in the literature that the issue is not yet settled regarding the effect 
of the location of myocardial lesions on the electrocardiogram. 

The present investigation was undertaken in an attempt to see 
whether or not injury and death of small sharply localized regions 
of heart muscles would produce characteristic alterations depending 
on the location of the lesion. For this purpose the ventricles were 
arbitrarily subdivided into 10 regions (Fig. 1). In order to make the 
results as clear as possible and to avoid the fluctuations in contour 
which occur from day to day in long term experiments because of the 
loose fixation of the dog’s heart in the chest (Soskin, Katz and 
Frischi®), the destruction of muscle was produced as rapidly as 
possible and the changes followed for the first few hours. 

Method. Dogs under morphin and sodium barbital anesthesia were 
used. The anterior chest wall was removed and artificial respiration insti- 
tuted. The heart was placed in a snug cradle by suturing the split peri- 
cardium to the sides of the thorax, thus avoiding disturbing changes in 
position of the heart. The anterior chest wall was then replaced in order 
to restore approximately the usual chest contacts' with the heart. A con- 
trol electrocardiogram was recorded with the standard three leads, electrodes 
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of German silver having been inserted beneath the skin of the two fore limbs 
and the left hind limb. The anterior chest wall was then temporarity 
removed and 1 cc. of 95% alcohol solution was injected into a predetermined 
area of the ventricular myocardium. (I^Oien injecting the interventricular 
septum the quantity of solution used was increased to 5 to 10 cc.) Care 
was taken to avoid invohdng the superficial coronarj'^ vessels. Following 
the alcohol injection the anterior chest wall was again replaced and a second 
electrocardiogram was taken as soon as possible (1 to 1 min.). Subsequent 
records were taken at approximately 2 min., 10 min., 1, 2 and 4 hr. after 
the injection. FoUovdng the last record the heart was removed. The posi- 
tion and area of the lesion produced by injection was then measured and 
its relation to the endocardium and epicardium was determined in the 
fresh specimen. These observations were later checked vdth Dr. hi. Corri- 
gan of the Department of Pathologj’-, in the formaldehyde preserved speci- 
men. The injected area was easily identified grossly both in the fresh and 
preserved specimens as a well-defined circumscribed region showing some 
hemorrhage. These lesions do not resemble infarcts histologically because 
the alcohol appears to act as a fixative, preser\’ing the cjdologic appearance 
for the few hours before the whole heart is fixed. 


ANTERIOR 




Fig. 1. — Diagram shoving the subdmsions of the anterior and posterior surfaces 
of the heart used in this analysis. LA., LM., LB., represent respectively apex, 
middle and base of the left ventricle. RM., RB., represent respectively middle and 
base of the right ventricle. 


Results. The data of the 47 experiments are summarized in 
Table 1 and illustrative records of tjqiical results are shovm in 
Figs. 3 to 8. The subdivisions of the heart surfaces used are shovm 
diagrammatically in Fig. 1. In addition the anterior interventric- 
ular septum was also injected. Fig. 2 shows the result in a control 
experiment in which 1 cc. of alcohol was injected into the left ven- 
tricular cavity. The electrocardiograms in this experiment showed 
no significant changes during the 4-hour period. 
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From Table 1 it will be seen that deep negative Q waves fre- 
quently developed in one or more leads following the production 
of the mjmcardial lesion (Figs. 6 and 7). In other experiments 
deep, negative S waves developed (Fig. 5). In many instances the 
electrical axis of the heart showed a noticeable shift following the 
production of the myocardial lesion (Fig. 4). Occasionally the 
amplitude of the Q-R-S complex decreased in all leads (Fig. 3). 



wh?R experiment in 

wno r I w injected mto the left ventricular cavity. Segment A 

the alSSrtion. Segment B. 2 min., and Segment C, 4 hr. after 


The appearance of a typical Q type could not be predicted from the 
location of the myocardial lesion. Wlien the Q type was classified 
accordmg to the scheme of Wilson et al, no constant correlation 
could be made between the location of the myocardial lesion and 
the y t^e when it developed. (Compare experiment 16 with exper- 
iment IS), .to this series, however, the anterior septal lesions were 
followed, without exception, by a type of curve. The occurrence 
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of a shift in the electrical axis could not be predicted; nor, when it 
occurred, could it be accurately correlated with the location of the 
myocardial lesions. (Compare experiments 33, 34 and 39 with 
experiments 35 and 36, and experiments 40 and 41 with experiment 
43.) 



Fig. 3. Experiment 2. Segment A control before production of myocardial lesion in the apex of the left ventricle 
anteriorly , Segment B taken 2 min., Segment C, 10 min. and Segment D, 4 hr. after lesion was produced. 
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Premature systoles and paroxysmal tachycardia followed the pro- 
duction of myocardial lesions in a few instances. These were all, 
with one exception, ventricular in origin. 



Fig. 4. Experiment 1. Segment A control before production of myocardial 
lesion in the apex of the left ventricle anteriorly; Segment B taken 1 min. and Seg- 
merit C taken 4 hr. after lesion was produced. 

It was found that the most striking change occurred in the S-T 
and T portions of the curve. Practically monophasic curves were 
seen a number of times soon after production of the lesion (Figs. 
3 and 4). Very deep negative and very tall positive coronary T 
waves (Bohning and Katz^®) were also found (Figs. 5, 6 and 7), 
the amplitude of which were on occasion as great as 25 mm, 
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^^^Ien the changes in the S-1' segment and T wave were analyzed, 
the type of change found did not always fit into the Tj or T 3 types 
of Parkinson and Bedford's classification. The changes observed 
in many instances fell into two additional subdivisions; one group 
in which the S-T segment was at first positive in all three leads, 
and was later dominated by deep negative coronary T waves in all 
leads; and the other in which the S-T segment was at first negative 



Fig. 5. — Experiment 8. Segment A control before production of myoeardial 
lesion in the middle of the left ventricle anteriorly; Segment B taken 2 hr. after 
lesion was produced. 


in all three leads and was later dominated by tall, upright, coronary 
T waves in all leads. The first of these tj'pes we have called the T^ 
type (Fig. 3) and the latter the Tp type (Fig. 8 ).' In addition to 
these four types, a number of experiments showed no change at all. 
In some instances only the early stage, ^^z., the stage with marked 
S-T deviation or only the latter stage, viz., the stage with marked 
T wave alteration occurred. In some experiments the early T type 
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based on the S- T shift was different from the T type which appeared 
later when, the T wave alterations were at a maximum. Usually 
it was a Tp type changing to a Ti type, or a Tn to a T 3 type or vice 
versa. However, we found no instance of a Ti type changing to a T 3 
type or vice versa. As a rule the changes in Lead I were not as 
marked as in Leads 11 or III. This is understandable since Lead I 
usually had the smallest complexes to begin with. Furthermore 
it happened frequently in the Ti and % types that the S-T 
and T changes were absent in Lead I or in Lead III, or that they 
occurred only in one of these two leads. 



Fig. 6. — Experiment 28. Segment A control before production of myocardial 
lesion in the base of the right ventricle anteriorly; Segment B was taken 10 min. and 
Segment C, 2 hr. after lesion was produced. 


Inspection of Table 1 shows that it is practically impossible to 
locate the site of lesion from the T type of the electrocardiographic 
changes. Even though the region were subdivided into relatively 
small areas the magnitude of change produced by lesions in the same 
locality was non-predictable. Sometimes a lesion in a given area 
was accompanied by no electrocardiographic change at all while in 
other instances a lesion in the same area caused a tremendous shift 
in the S-T segment resulting in a practically rhonophasic appear- 
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ance of the ventricular complex, followed later by tremendously 
inverted or strikingly tall coronary T waves. Furthermore, a 
lesion in one experiment gave a mirror image type of change to that 
caused by a lesion in the same locality in other, experiments (compare 



Fig. 7.— Experiment 13. Segment A control before production of myocardial 
lesion in the apex of the left yentricle posteriorly: Segment B was taken 2 min. and 
Segment C, 2 hr. after lesion was produced. 


experiment 11 with experiments 5 to 10). This variability was ap- 
parently not dependent upon the size of the injured area nor upon the 
position of this area in relation to the epicardium and endocardium. 
T\dien an attempt is made to group the 10 small areas used for 
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injection into larger groups no constant differentiation can be made, 
as might have been anticipated from the literature, between effects 
of lesions m the right ventricle and those in the left, or between 
the effects of lesions located in the anterior wall and those in the 
posterior, or between effects of lesions in the basal portion of the 
ventricles and those in the apical portion. Lesions in the septum 
did not produce any characteristic change which differed from those 
produced by lesions in the outer walls of the ventricles. 



Fig. 8. Experiment 32. Segment A control before production of myocardial 
lesion in the base of the right ventricle anteriorly; Segment B was taken 2 min., 
Segment C, 2 hr., and Segment D, 4 hr. after lesion was produced. 


We are compelled to conclude on the basis of this study, either 
that the location of myocardial injuries is not important in deter- 
mining the Q-T tjTie of electrocardiographic change or at least 
that factors, as yet unkno'wn, practically mask the influence of the 
location of the lesions in the heart on the electrocardiogram. While 
these lesions are not morphologically the same as infarcts and have 
f,. genesis, they nevertheless produce the same type of 

injury reaction” in the electrocardiogram. We therefore feel 
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warranted in applying these results to the “injury reaction” in 
the electrocardiogram following infarction as far as location of the 
lesion is concerned. We feel, therefore, that the view that the 
location of infarctions determines the Q-T type of electrocardio- 
graphic change does not rest on adequate evidence. 

Summary. An analysis was made of the changes produced in the 
electrocardiogram during the first 4 hr. following injection of 95% 
alcohol into the dog’s ventricular myocardium with the production 
of sharply demarcated areas of injury. Within a few minutes 
following injection of alcohol into the myocardium, monophasic 
ventricular complexes occurred several times. Deep inverted or tall 
upright peaked T waves having roimded shoulders and symmetrical 
limbs— negative and positive coronary T waves— were frequently 
found later. In addition to the Ti and Ts types of curves, two other 
tjqies of change which we have called the Tp and T„ types occurred 
frequently. In the Tp type, positive coronary T waves occurred in 
all three leads preceded by negative S-T deviations. In the Tp 
type negative coronary T waves appear in all three leads preceded 
by positive S-T deviations. 

On subdividing the ventricular myocardium into 10 regions, it 
was found that the location of the myocardial lesion did not deter- 
mine the magnitude of the electrocardiographic change nor did it 
give rise to a characteristic Q-T type of change for any locality. 
It is concluded that using the standard three leads, the electrocar- 
diogram cannot be used to differentiate (1) between injury to the 
anterior and the posterior wall of the ventricles; (2) between injury to 
the right and the left ventricle, and (3) between injury to the apical 
and the basal portion of the ventricles. No constant correlation 
could be made between the size of the injured area and the magnitude 
of electrocardiographic change in the standard three leads. The 
electrocardiographic changes apparently do not depend upon the 
location of the injured area in relation to the endocardium or epi- 
cardium. 
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ARTERIOVENOUS FISTULA OF THE RENAL VESSELS.* 

By Edward W. Hollingsworth, M.D., 

OABDIOLOGIST, VETERANS ADMINISTRATION FACILITY, 

HINES, ILL. 

Arteriovenous fistula is a not uncommon condition, usually 
due to trauma, less often congenital, the limbs being the most usual 
sites. Pemberton^ states that of 25 cases operated at the Mayo 
Clinic 16 were acquired. Of several seen at the Veterans Adminis- 
tration Hospital, Hines, 111., all but 3 were the result of gunshot 
wounds. The present case is considered of interest because of its 
unusual location and probable etiology. 

Osler,2 in speaking of arteriovenous fistula, says: “On palpation 
the characteristic thrill is felt, vibratory, rough, continuous and 
increasing with the diastole f of the artery. Except in its roughness 
it is quite unlike any other thrill felt in cardiovascular lesions and 
is 'pathognomonic.’'’ X He later speaks of “the characteristic loud, 
rough, humming-top mm-mur, continuous, with marked intensifi- 
cation during the cardiac systole,” and also refers to it as “machin- 
ery.” He gives the important signs as the thrill and murmur, and 
the dilatation of the veins. Holman^ includes slowing of the pulse, 
first noted by Branham,"' and increase of diastolic blood pressure, 
upon closing the fistula, as further diagnostic points. 

Osler^ considered remote effects on the circulatory system rare, 
although 1 of his patients died of heart failure 31 years after the 
causative accident. Holman,® discussing its physiologic effects, 
says that 6 of 21 cases at the Johns Hopkins Hospital showed cardiac 
enlargement which he believes to be directly due to the fistula. 
Whether due to increased work, as claimed by Holman,® or deficient 
coronary circulation, as Lewis and Drury® believe, all observers 
now agree that cardiac enlargement and eventual failure are common. 

Case ^port. — M. S., a wliite male, aged 29, was admitted to the 
Edward Hmes, Jr. Hospital, Hines, III., December 3, 1926, for treatment 
of chroma, active pulmonary tuberculosis. Family history was irrelevant, 

with the permission of the Medical Director of the Veterans Adminis- 
ra ion, who assumes no responsibility for the opinions expressed or the conclusions 
drawn by the writer. 

t Apparently a typographical error, systole being intended. 

+ Italics arc author's. 
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no near relative had tuberculosis. The patient served in the U. S. Army 
from May to December, 1918. At the time of discharge he felt tired and 
weak and did not work for 2 or 3 months but then worked steadily until 
October, 1926. He had renal colic in July, 1925, and was in hospital 1 
month, being told that he had a kidney stone. In October tuberculosis of 
the kidney was diagnosed and removal advised. This was done November, 
1926, through the usual lumbar incision, the ureter being removed tlirough 
the left rectus and the patient was discharged 6 weeks later. For 2 weeks 
prior to the operation he had a severe cough which graduallj' subsided. 

At the time of admission the wound over the Mdney region showed a 
slight serous discharge and had not entirely healed until the latter part of 
JuljL The blood pressure was 110/70 and no abnormal cardiovascular 



Fig. 1. — Photograph taken June, 1930, showing areas of transmission of thrill 
(small circle) and bruit (large circle). 


findings were noted; chest examination and roentgenogram showed a far 
advanced pulmonary tuberculosis. January 31, 1928, the patient had pain 
in the left kidney region, and for a time a septic temperature and rapid 
pulse, which later became normal, and he was discharged at his own request 
June 22, 1930, as unimproved. 

He was readmitted Januarj' 19, 1931, and a psoas abscess found. A body 
cast was applied and after several months replaced by a corset, with marked 
relief of symptoms. Genito-urinary examination revealed tuberculosis of 
the right kidnej’’ and bladder. He again had a septic temperature, which 
gradua% feU to normal. The blood Wassermann and Kahn tests were 
negative, urinalj'sis and blood counts normal. 

The patient was seen by the -nTiter February 27, 1930, his ward surgeon 
having made a diagnosis of aneurysm. He stated he had first “felt a noise” 
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over the kidney scar in Maji- or June of 1928 but had no other S 3 nnptoms 
referable to the cardiovascular system. Radial pulses were somewhat 
water-hammer in type, there were no murmurs and no sclerosis of the periph- ' 
eral arteries. The heart was enlarged to the left, the border being percussed 
10 cm. from the midline, impulse forcible. The rate was 90, blood pressure 
114/60. A thrill and bruit were present over the nephrectomy scar, the former 
over a small, the latter over a relatively large, area (Fig. 1). Both were 
accentuated in systole and were not transmitted down the aorta or its 
branches 'and it was found that they could be stopped by bimanual pressure 
over the back and abdomen* without affecting the pulsations of the aorta, 
the heart rate falling to 72 and the blood pressure rising to 124/80. The 
patient experienced no sensation such as Reid’' describes. There were no 
superficial dilated or tortuous veins in the neighborhood. 



Fig. 2. Photograph taken July, 1932, showing diminution in areas of transmission 

of thrill and bruit. 

Electrocardiograms were normal on several occasions. Roentgenograms 
snowed an increase of cm. in the transverse diameter of the heart m less 
than 3 years although there was roentgenologic and clinical evidence of 
improvement in the pulmonary tuberculosis. Blood volume®-® was found 
to be 4916 cc. on December 6, 1931, and 5196 cc. on February 25, 1932, 
noraal for patients’ weight of 117. At this time the patient is quite com- 
lortable and his general condition, as well as the psoas abscess and lung 
tuberculosis, are showing improvement. 

Discussion. The question of diagnosis is interesting. The thrill 
and bruit are indicative of an aneurysm, their intensity and large 

* Tracings were taken under similar conditions in 3 other eases— in 2 there was 
no change in rat^, in the third a slight increase. 
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area of transmission suggest the involvement of large vessels. An 
arteriovenous one was suggested by the continuous thrill and bruit, 
“machinery” in type, with systolic intensification, the secondary 
effects on the general circulation, the characteristic reaction to 
what was believed to be closure of the fistula, and progressive car- 
diac enlargement. Because of the location of the thrill and bruit, 
and known trauma to the renal vessels, it was believed that they 
were the ones involved; the absence of dilated and tortuous super- 
ficial veins indicated the lesion was deep, the absence of aortic thrill 
and bruit suggested that a branch only was affected and there were 
no localizing findings pointing to any other intraabdominal vessels. 

Arterial aneurysms of the renal artery are generally regarded as 
rare. Thus, Conroy,'® in a recent review lists only 32 cases and states 
that this is one of the rarest, if not the rarest, of all sites. Mathe" 
says that they constitute about 1 % of all aneurysms and the diag- 
nosis is extremely difficult. Singer'- reports 2 cases and thinks the 
condition is much commoner than is generally believed to be the 
case. So far as could be ascertained but 1 case of arteriovenous 
aneurj^sm of the renal vessels has ever been reported.'® The patient 
was a white male aged 27, who when first seen had congestive heart 
failure, which grew progressively worse until death. There had 
been no operation, there was no history or evidence of trauma and 
the diagnosis was made with considerable hesitation but verified 
at autopsy. Holman'^ states that he knows of no similar case. 

The normal blood volume was at variance with the belief of 
Holman®'® but in accord with results obtained in other cases at this 
hospital'® and in the case of Ellis and Weiss.'® Ox^’^gen' content of 
distal vessels of course could not be determined. No systolic apical 
murmur was noted. Ophthalmoscopic examination did not disclose 
any pulsation of the retinal vessels and no definite changes in the 
size or shape of the heart, described by other authors,®'®’'® were 
found upon closure of the fistula, possibly due to incomplete closure, 
particularly difficult with the patient in the erect position. 

Postoperative infection, trauma at operation and tuberculosis 
must be considered possible etiological factors. A-F communica- 
tions follovdng the trauma of operation"^ are not rare, there being 
many cases reported. Tuberculous involvement of large blood- 
vessels is generally accepted as rare. Baumgarten and Cantor’® 
were able to collect but 20 cases of tuberculous aneurj^sm of medium- 
sized and large arteries. They mention no case of arteriovenous 
aneurj^sm. 

Dr. McDougall, staff urologist, investigated the technique 
employed and states that the renal artery and vein were ligated 
separately at operation, a procedure calculated to obviate any pos- 
sibility of such a complication as apparently occurred. The liga- 
tures, however, were passed by means of an aneurj'sm needle which 
might account for some additional injury to the vessels. The patient 
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refuses operation, although this has not been strongly advised, 
and believes the thrill and bruit are becoming less. By comparing 
photographs (Figs. 1 and 2) of the areas of transmission, taken some 
2 years apart, it would seem that this is so. , Spontaneous healing 
has been noted in small arteriovenous communications experimen- 
tally produced, i'’ and of course may be taking place in this case. 
There has apparently been no increase in the cardiac involvement 
for some time, so the prognosis maj^ be better than originally feared. 

Summary. A case is reported in which signs and symptoms 
suggesting an arteriovenous aneurysm appeared over the site of a 
nephrectomy scar some 18 months following operation. Progres- 
sive enlargement of the heart was noted for a time but the size has 
now apparently become stationary. 
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LARGE DOSES OF TUBERCULIN IN TESTING GUINEA PIGS 
INOCULATED FOR DIAGNOSTIC PURPOSES.* 


By Thomas B. Magath, M.D., 

ASSOCIATE IN SECTION ON CLINICAI, PATHOnOGY, THE MAYO CEINIC; ASSOCIATE 
PHOFESSOR OP CLINICAL BACTERIOLOGY AND PARASITOLOGY, THE MAY'O 
FOUNDATION, ROCHESTER, MINNESOTA. 


The value pf inoculating guinea pigs with clinical material in 
which Mycobacterium tuberculosis cannot be found by direct 
examination of smears has repeatedly been demonstrated. Bj'^ this 

* Submitted for publication March 13, 1934. 
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biologic test many diagnoses have been made and confirmed when 
all other laboratorj^ tests have failed. 

Since clinical application of the test became general, attempts 
have been made to shorten the time necessary for diagnosis. If 
the animals die before 3 weeks after inoculation and tuberculous 
lesions cannot be found, the test should be considered a failure. 
Animals should not be killed until at least 8 weeks after inoculation. 
If spontaneous death occurs between the 3d and 8th weeks, and if 
lesions of tuberculosis cannot be found, the test should then be 
reported as negative. 

A method advocated by Bloch is to inject the material into the 
region of the inguinal glands of the animal and then, with the thumb 
and finger, to traumatize the inguinal lymph nodes gently. This is 
supposed to cause early involvement of these nodes and thus hasten 
the diagnosis. Sufficient protocols illustrating the usefulness of this 
method are lacking, and its advantage is open to question when 
used with material having other organisms present in it. 

Another means of hastening the development of tuberculosis in 
guinea-pigs by exposing them to a small dose of irradiation with 
Roentgen rays was amplified by Morton after several investigators 
had proposed it. The hjqiothesis in this procedure is that irradia- 
tion will reduce the resistance of the animal to such a point that the 
organisms develop more rapidly. Practically, the dose is so difficult 
to control and the resistance of the animals varies so much that the 
method is not suitable for routine use. As a rule, either the animals 
are killed by an excessive dose or no effect on the outcome of the 
tuberculous process is obtained. 

Occasionally, suggestions have been made that a strain of guinea 
pigs genetically susceptible to tuberculosis should be developed. 
Sewell Wright did develop such a strain by inbreeding, but the loss 
of animals is too great to sustain the strain, and it is not practicable 
to obtain and maintain such animals. 

A technique designed to hasten the development of lesions by 
direct injection into certain organs, for example, into the liver or 
eye,® has been proposed. The procedure is useful in certain instances 
but animals are often killed by it, or die a few days after as a result 
of hemorrhage or infection. In the long run, the time is not greatly 
shortened and, on account of this, together with the initial loss, 
the uncertainty of actually injecting the material into the organ, 
and the necessary limitation of the amount that can be injected, 
the method is not recommended as a routine procedure. 

An interesting modification of this method has been to inject 
the material into the mammary glands of an animal with the expec- 
tation of recovering the organism in the milk. ’Obviously this 
method is lacking in practicability. 

Magath and Feldman attempted to hasten the diagnosis by 
injecting material into the brains of guinea pigs. Two hundred 
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and eleven specimens were inoculated intracerebrally and the results 
compared with the routine method. The routine method yielded 
31 positive specimens, the intracerebral method only 11. Diagnosis 
was made in these 11 cases after an average elapsed time of 30 
days, whereas the elapsed time in the routine tests was 49 days. 
Although the intracerebral method did hasten the diagnosis, the 
number of failures and negative results clearly demonstrated the 
shortcomings of the method and proved its unsuitableness as a 
routine procedure. 

Murphy and Ellis found that splenectomized mice survived inocu- 
lation with bacilli of tuberculosis for a shorter time than controls 
did, but routine procedure based on this principle is out of the 
question. 

Schulz recommended injecting material intracutaneously, and 
stated that this would hasten the results. With contaminated 
material, however, nonspecific abscesses occur, and Schulz himself 
did not furnish a protocol to substantiate his claims. 

Aside from these and other more or less mechanical devices for 
hastening the development of tuberculosis in these diagnostic 
animals, investigators have used cutaneous or intracutaneous 
methods of testing with tuberculin. They have employed doses 
somewhat comparable to those used in the diagnosis of tubercu- 
losis in man as, for example, 0.1 cc. of a 5% solution. In order to 
obtain results easiest to read, only white guinea pigs should be 
used, and the area of injection should be carefully shaved or plucked, 
or the hair removed by a chemical process, so as not to cause minute 
abrasions. 

The intracutaneous method was devised by Homer, used by Esch 
and Schiirmann, and extensively tested by Graetz. These inves- 
tigators found that positive reactions often occur in animals 10 
to 12 days after inoculation with material containing bacilli of 
tuberculosis. In applying this method, the rule is to begin testing 
the animals after 2 weeks, and then to test them every 2 weeks 
thereafter. Although all of these investigators indicated some 
errors in their series and others condemned the method on several 
grounds, consideration of their protocols confirms the conclusion 
that the test is useful and hastens the positive diagnosis in the major- 
ity of cases by from 3 to 5 weeks. Nevertheless, the method requires 
a careful technique and a considerable amount of time in order to 
prepare and test the animals. When positive reactions occur at the 
first test, necropsy must be carefully performed and sectioning fre- 
quently resorted to. 

The loss of weight has been useful under certain circumstances 
as an^ indication that an animal -was infected, but if animals are 
kept in their cages under proper conditions and given good care 
and food, loss of weight does not become a practical criterion for 
selecting animals for necropsj* before the standard time allotted. 
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Some years ago Dr. Louis Gross, of Mount Sinai Hospital, New 
York City, called my attention to a method that he was using. 
He injected 0.5 cc. of tuberculin subcutaneously into his test animals 
from 3 to 4 weeks after the original inoculation with the suspected 
clinical material. In most animals with infection sufficiently 
advanced by thaftime, death resulted promptly, and the diagnosis 
was thus hastened by several weeks. This method was used by 
Esch and compared with Homer’s method; however, the material 
tested was a pure culture of Mycobacterium tuberculosis. Esch 
concluded that the intracutaneous test was superior. 

Experimental Observations. After preliminary tests indicating 
that normal animals were not killed by so large a dose of tuberculin, 
it was decided to use the method as a routine in our standard 
technique as follows: The clinical material was centrifugalized for 
1 hour at 2500 r. p. m. in a centrifuge with a headrradius of 13.5 cm. 
At the end of this time 1 cc. at the top was pipetted off and, 
after the middle portion had been discarded, this top portion was 
added to the sediment. The whole was now made up to 5 cc. with 
physiologic saline solution, and 2 guinea pigs were given injections 
through the abdominal skin, 1 subcutaneously and 1 intraperiton- 
eally. If a guinea pig died and no gross lesions were evident before 
3 weeks had passed, the test was considered a failure; if a guinea 
pig died and no lesions were present after 3 or more weeks had 
elapsed, the test was considered negative. If both animals were 
alive at the end of 4 weeks, the one receiving the intraperitoneal 
injection was tested by injecting 0.5 cc. of OT tuberculin subcu- 
taneously. If it died and was found to be positive, its mate was 
sacrificed and examined. All other guinea pigs were permitted to 
live for 8 weeks and, at the end of that time, were killed and con- 
sidered either positive or negative depending on whether lesions 
were present or absent. To anyone experienced in the diagnosis 
of tuberculosis in such animals, gross lesions can be diagnosed 
accurately without resorting to histologic examination of tissue. 
In certain cases, especially when the animal died early, the histo- 
logic diagnosis of tuberculosis was used and was based primarily 
on finding acid-fast bacilli within the lesions. In this series, his- 
tologic confirmation of a tentatively positive or negative diagnosis 
was resorted to 7 times. 

In order to compare the advantage of testing with tuberculin, a 
similar series of animals (400 pairs of guinea pigs or 200 specimens) 
were injected and studied; the same routine was used but testing 
with tuberculin was omitted. 

■ Table 1 indicates that the animal injected intraperitoneally is 
much more likely to become infected than the one injected sub- 
cutaneously, but Table 2 reveals the interesting fact that the animal 
injected intraperitoneaily'is more likely to die before 3 weeks, thus 
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resulting in a failure. It occasionally happens that animals injected 
subcutaneously become positive when their mates are negative, 


Table 1. — Agreement and Disagreement among Guinea Pigs Injected Intra- 
PERITONEALLY AND SUBCUTANEOUSLY (400 PAIRS, CONTROL; 400 PAIRS, 
Tuberculin Tested). 


Positive, intraperitoneal* 

Control 10 

Tuberculin tested 11 

Negative, intraperitonealt 

Control 2 

Tuberculin tested 3 

Positive, intraperitonealt 

Control 29 

Tuberculin tested 58 


* Mates negative, subcutaneous, 
t Mates positive, subcutaneous, 
t Mates positive, subcutaneous. 


Table 2. — Disagreements among 400 Pairs of Control Guinea Pigs, During 
THE Period when 400 Pairs op Tuberculin Tested Guinea Pigs were 

Injected. 


Method of injection. 

Subcutaneous 

Intraperitoneal 

Subcutaneous 

Intraperitoneal 

Subcutaneous 

Intraperitoneal 

Subcutaneous 

Intraperitoneal 

Subcutaneous 

Intraperitoneal . 


Result. 

Failure 

Negative 

Negative 

Failure 

Failure 

Positive 

Positive 

Failure 

Failure 

Failure 


Number of 
specimens. 

1 12 
42 
1 
4 
12 


Table 3.— Comparison of Control and Tuberculin Tested Guinea Pigs, (400 
Pairs, Control; 400 Pairs, Tuberculin Tested). 


Control. Tuberculin tested. 


Number. 

Per cent. 

Number. 

Per cent.. 

Positive specimens, urine 

25 

57 

39 

65 

Positive specimens, other material 

19 

43 

33 

45 

Positive specimens, total 

44 

11 

72 

IS 

Both guinea pig failures .... 

7 

1.7 

5 

1.1 

Average elapsed time before diagnosis 

53 days 

33 days 


Table 4.— Tuberculin Tested Guinea Pigs (400 Pairs). 


Guinea pigs positive and killed by tuberculin 54 (78.3%) 

Guinea pigs positive but not killed by tuberculin .... 16(21.7%) 

Guinea pigs negative but killed (?) by tuberculin* ... 5 

Mate positive 1 

Mate negative 4 

Guinea pigs negative (not killed by tuberculin) ; mates positive 2 


* These animals died within 48 hours after administering tuberculin,, but this 
number of animals might have been expected to die even if not tested with tuberculin. 
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and from Table 3 these observations may be strengthened by noting 
the larger number of positives among the animals injected intra- 
peritoneally when animals injected subcutaneously were failures. 

In the series there were a total of 44 positive specimens in the 
control group and 72 in the tuberculin group (Table 3). In the 
control group, 7 (1.7 per cent) pairs of animals were failures, whereas 
during the period when the 400 pairs of tuberculin tested animals 
were being observed, 5 (1.1 per cent) pairs were failures. 

’ With the exception of 1 or 2 animals that died following adminis- 
tration of tuberculin and had tuberculous lesions, all animals died 
within 48 hours. This resulted in a positive diagnosis in 54 (78.3%) 
within 30 days after inoculation. The average length of elapsed 
time in the whole series was 33 days for a positive diagnosis as 
compared to an average elapsed time of 53 days in the control series. 

Fifteen (21.7%) of the positive animals so tested did not die as a 
result of the tuberculin, but nevertheless, were found to have tuber- 
culosis when they eventually came to necropsy. 

Five animals died within 48 hours after receiving tuberculin, but 
were negative. This does not necessarily mean that the injection 
killed them, for approximately this number of animals might have 
been expected to die from other causes. Of the mates of the 5, 1 
was tuberculous. In the series, 2 mates were positive when the 
tuberculin tested animals were negative and survived the full 8 
weeks. 

Comment. It is easy to understand why intraperitoneal injec- 
tions should be fatal more often than subcutaneous , injections, 
since much of' the injected material contains pyogenic organisms; 
but, when injections of equal amounts are made into both animals, 
just why the animals injected intraperitoneally should more often 
be positive is not altogether clear. 

This balancing of subcutaneously and intraperitoneally injected 
animals against each other is important and suggests again the 
desirability of using this procedure as a routine. Similar results 
were -noted previously by Magath arid Feldman. 

It is apparent that this method of testing with tuberculin will 
not result in every positive animal being killed promptlj”-, but from 
the evidence presented more than three-fourths will succumb within 
48 hours. Of those 'not dying as a result of the tuberculin, the 
chances that any given animal will present evidence of tuberculosis 
later on is only 1 in 30. A dose of 0.5 cc. of OT tuberculin does not 
kill a guinea pig that does not have tuberculosis.' Hence, the pro- 
cedure is safe for routine use. 

The use of tuberculin by this method clearly results in shortening 
the time necessary for the animal diagnosis of tuberculosis by about 
3 weeks. The length of time compares favorably with that required 
for diagnosis ‘by cultural methods. That more specimens can be 
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demonstrated to contain bacilli of tuberculosis by injection of guinea 
pigs than by cultures has been demonstrated by Magath and Feld- 
man and by others. 

In a series reported with material in which organisms could not 
be demonstrated microscopically, the average length of elapsed 
time for cultures was 40 days, for guinea pigs 43 days; however, 
14 specimens were proved to contain Mycobacterium tuberculosis 
by animal inoculation, whereas only 4 were so demonstrated by 
cultural methods. In material known to contain organisms by 
microscopic demonstration, the average elapsed time for diagnosis 
was 36 days by cultural methods and 46 days by inoculation of 
guinea pigs. Four specimens yielded no growth on culture, 2 
specimens resulted in failures in both guinea pigs, and 1 gave 
negative results. 

The value of the tuberculin test must be weighed against its cost. 
This will depend to a great extent on the number of animals tested 
routinely. If tuberculin can be purchased in large quantities, a 
reasonable price may be obtained. Against this cost must be placed 
the saving in care and food of these animals for 3 weeks and the 
advantage of destroying tuberculous animals early. Of course the 
value to the patient of an earlier diagnosis cannot be placed on a 
basis of dollars and cents but, actually, the total additional cost 
of using tuberculin is not great and is far outweighed by its benefits. 

Conclusions. When testing clinical material for the presence of 
Mycobacterium tuberculosis by animal inoculation, a pair of guinea 
pigs should be inoculated, one subcutaneously and the other intra- 
peritoneally. In order to hasten the test, one or both animals 
should be tested at the end of 4 weeks with 0.6 cc. OT tuberculin 
injected subcutaneously. 

More than three-fourths of the positive animals will be killed 
within 48 hours and the diagnosis hastened by 3 weeks. The chances 
that any other given animal will later proAm to haAm lesions of tuber- 
culosis is 1 in 30. 
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SO-CALLED “PRIMARY” TUBERCULOSIS OF MUSCLE. 


By Henry Milch, M.D., F.A.C.S., 

ASSOCIATE ATTENDING ORTHOPEDIST, HOSPITAL FOR JOINT DISEASES; ADJUNCT 
SURGEON, RIVERSIDE HOSPITAL; INSTRUCTOR OF ANATOMY, COLUMBIA 
UNIVERSITY MEDICAL SCHOOL, 

NEW YORK CITY. 


(From the Orthopedic Service of Dr. Harry Finkelstein at the Hospital for Joint 

Diseases.) 


Tuberculosis of muscle, the consequence of a contiguous tuber- 
culous focus, with fistula formation, is not unusual. On the other 
hand, so-called primary muscular tuberculosis, in the sense of a 
metastatic, hematogenous infection, secondary to a tuberculous 
infection elsewhere in the body, is a great rarity. True primary 
tuberculosis of muscle (i. e., first lesion in muscle) is not Imown to 
exist. No less an authority than Virchow doubted the existence of 
the so-called primary form. However, up to 1932 Hanke^ noted 
the record in the literature of about 55 cases of well-authenticated 
tuberculosis of muscle other than by direct extension. To this must 
be added the cases described by Ceccarelli- and Prussia.® In the 
great majority of the cases the muscles of the extremities were 
involved. These included tlie quadriceps, gluteus, palmaris longus, 
biceps, triceps, flexor and extensor of the finger, abductor pollicis, 
etc. In the others, the sternomastoid, pectoralis, rectus abdominis 
and lumbar muscles have been affected (See also Meyerburg^). In 
1 case, the only one on record, reported by Zahnert,'* the tendon 
itself, of the triceps humeri, was the seat of the tuberculous infection. 

We have seen several cases in which the pectoralis major became 
involved following operation for tuberculous axillary glands. But 
the following is the first which we have observed, where the tuber- 
culosis appeared to be independent of any contiguous focus. 

Case Report. M. S., female, aged 28, was admitted to the hospital m 
January, 1934, with swelling behind the left knee. The patient has been 
under observation for many years for a Pott’s disease of the spine, with a 
collapse of the lower dorsal vertebrae. About 10 years ago she developed 
symptoms in the right knee and a plaster-of-Paris bandage was applied, 
■vsith resulting stiffness of the knee. One year ago the patient noted pain 
and enlargement of the left knee, without any apparent cause. There was 
no malaise and only slight, if any, fever. Motion of the knee was hardly 
interfered with. About 3 months later a painless, soft swelling appeared 
behind the left knee joint and she presented herself at the Out-Patient 
Department. The sMn over this mass was not hot or red. Material aspir- 
ated from the mass and injected into a guinea pig was reported as being 
negative for tuberculosis. Since that time the swelling continued to increase 
in size and the patient began to complain of pain in the anterior portion 
of the knee, which became defiuitelj'- enlarged. 

On her admission to the hospital on January 15, a large gibbus in the 
lumbodorsal area, due to a tuberculosis of the spine, was noted. The 
right knee was subluxated posteriorly and was ankylosed in slight flexion. 




Fig. 1. — Photograph of swelling in back of leg. 



Fig. 2. Roentgen, photograph of outline of abscess after attempted injection with 
contrast medium. Note absence of bone involvement. 







Fig. 3. — Wall of tuberculous abscess cavity in muscle. Note tubercle, in upper 
left-hand corner and portion of caseating mass still present in abscess cavity. ( X13.) 



Fig. 4. — Portion of abscess, showing cell exudate with two Langhans giant cells and 
dense fibrous tissue, (X 150.) 
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The left knee was definitely enlarged, mainly on its posterior aspect. The 
tissues about the joint were tliickened, but there appeared to be no fluid 
in the joint. Motion was possible from ISO degree of extension to 120 
^degrees. There was no abnormal anteroposterior or lateral mobility. On 
'the imier aspect of the left leg, just below the flare of the medial tibial 
condyle, there was a tense, elliptical, semielastic swelling about 10 cm. 
in its greatest length (Fig. 1). The skin over this mass was apparently 
perfectly normal in color, texture and consistency. The mass was not 
adherent to the skin, but seemed to be fixed to the underlying muscle. On 
attempting to aspirate this mass, the needle seemed to penetrate into a 
large caiity, but no fluid could be withdraivn. When the needle was 
removed, the lumen was found plugged with a gelatinous material. Sub- 
sequent examination of this material revealed notliing upon which a diag- 
nosis could be based. Culture was reported sterile. Roentgen ray of the 
knee was reported by Dr. Pomerantz as showing “ the articular surfaces of 
the femur and tibia to be normal. The joint space is not narrowed and 
there is no erosion of the articular surfaces of the bones comprising this 
part. On the posterointernal aspect of the knee a circumscribed, soft 
tissue mass is wsualized within which no calcific deposits can be seen. 
There is, in addition, distinct distention of the suprapatellar pouch.” Oh 
the 18th the quantitative tuberculin test was reported as strongly positive. 
The foUoAving week an effort was made to inject the mass with a contrast 
medium, but this was only partially successful because of the great resis- 
tance mthin the swelling, and stereoscopic roentgenograms were reported as 
disclosing an “irregularly injected soft tissue mass in the popliteal region 
the character of which cannot be radiographically determined” (Fig. 2 ). 
From these findings a definite diagnosis could not be reached, though it 
was believed that the condition was either a mucoid tumor or an enlarged 
bursa. 

Operation was performed on January 25 under general anesthesia. 
IVhen the tissues were exposed, it was found that the mass was entirely 
localized to the inner head of the gastrocnemius muscle, which was with 
slight difficulty isolated from its origin on the femur down to its union with 
the outer half of the muscle. The mass was enveloped by a dense, fibrous 
capsule, from which a thin layer of muscle fibers arose. During the course 
of the dissection the sac was accidently ruptured and a large amount of 
dry, grayish, granular, caseous material extruded. The irregularly rough- 
ened sac occupied the center of the medial head of the gastrocnemius and 
extended from ■within about one-half inch of the origin of the muscle to 
just above its union Avith the outer head. For the first time, the suspicion 
of tuberculosis of the muscle arose. There was no connection whatsoever 
■with the joint. In amputating the muscle at its femoral origin, the joint 
was opened for a distance of about 1 cm., but that portion which could be 
examined through this small opening appeared to be normal in color and 
without excess of fluid. The rent was repaired, the wound was swabbed 
■with iodin and closed in layers. Convalescence was uneventful and primary 
union had occurred b}'’ the time tlie sutures were removed. Subsequently 
a small fistula developed, but this responded to conservative treatment. 

At the present time the condition appears to be completely quiescent. 
There has been no loss of range of motion in the knee. There is no pain 
and no evidence of any fluid or other acute symptoms in the anterior com- 
partment of the knee joint, though arthroscopy of the knee performed on 
February 19 by Dr. Berman, showed a “large mass of fat in villus and in 
pad formation throughout the knee joint. In many areas this showed the 
appearance of chronic inflammation. The under surface of the patella 
showed slight opacity of the cartilage, but no definite erosion could be made 
out. The internal meniscus was seen in one-half of its extent and seemed 
normal. It was not possible to see the internal, femoral condyle clearlj'', 
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because of the large mass of fat, which obscured it. Several biopsy speci- 
mens were taken.” 

The Pathological Diagnosis: “Tuberculosis of the synovial membrane.” 
The mass of muscle tissue pre\dously removed was reported by Dr. Jaffe, 
in the following sense: 

The gross specimen consists of numerous large pieces of tissue. One 
of them is very tough and fibrous, being apparently made up of tendon and 
being in a shape of a sac, the whole measuring 10 cm. in length. The 
lining is rough and apparently somewhat friable. Another piece is quite 
irregular in shape and cystic to palpation. It measures 4 cm. in diameter. 
Upon section it is seen to be a verj’^ much softened mass of partly pinkish 
and partly whitish tissue. Most of the other pieces are extremely friable 
masses of white tissue, -with which a mass of fibrinous exudate is in some 
areas associated. 

Microscopic Examination: Section shows a large quantity of fibrino- 
purulent material. There is also some living fibrous tissue; although its- 
surface cannot be seen, this is probably synovium. In it are numerous 
tubercle-like bodies consisting of giant cells, epithelioid cells and lympho- 
cytes. The giant cells appear more like foreign body than like Langhans 
cells. There are extensive areas of necrosis of the muscle tissue. 

Diagnosis. Tuberculosis of the gastrocnemius muscle (Figs. 3 and 4). 

The presence of the tuberculosis within the knee joint aroused 
considerable doubt in the mind of the pathologist as to whether this 
should be considered a case of primary tuberculosis of the muscle, 
or whether it was secondary to the contiguous joint involvement. 
However, the appearance of the specimen at operation, the absence 
of any fistulous tract connecting with the knee joint, the fact that 
the proximal portion of the medial head of the gastrocnemius, for 
about I inch beyond its insertion into the femur was grossly com- 
pletely free of any tuberculous involvement, and the complete 
localization of the abscess cavity within the inner half of the gastroc- 
nemius, would seem to justify the feeling that this is truly a case 
of involvement of the gastrocnemius muscle, independent of the 
tuberculous affection of the knee joint proper. 

Though not commonly known, the clinical features of tuberculosis 
of muscle have been so well delineated by Bandelier and Roepke,® 
and later in greater detail by Zahnert {loo. cit.) that a brief recap- 
itulation of their work may be condoned. All authors have been 
considerably exercised to account for the great infrequence of pri- 
mary infection of muscle. Some have thought that this was due to the 
fact that tuberculosis is not prone to aftect this highly differentiated 
tissue; others have believed that the reason lay in the relatively 
good circulation usually present in muscle. Still others have 
explained it as due to the presence of the normal muscle juices and 
the accumulation of lactic acid after function. 

Muscular tuberculosis may occur at any age, but appears to be 
more common during the ages of 17 and 24. Males are more fre- 
quently affected than females. As noted above, the muscles of the 
extremities are more often involved than the muscles of the trunk. 
Injuries and excessive use, such as might be expected in men engaged 
in work, seem to predispose to the development of the condition. 
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Pathologically, the disease may be either of the typical giant-cell 
forming or of the endothelioid cell varieties. The vascular intima 
is for the most part the site of the localization of the tubercle bacillus. 
The interstitial connective tissue is first affected and the muscle 
tissue is only secondarily involved. Three main types have been 
described: 1, The tuberculous nodule; 2, the cold abscess; 3, the 
sclerosing interstitial myositis. To these have been added two other 
subdivisions; the fungus type and a pseudoneoplastic type ob- 
served in the abdominal muscles and corresponding in the main with 
a similar type of luetic infection elsewhere described.® 

Clinically, the disease is extremely insidious and may remain 
unnoticed for a long time. Pain and fever are seldom seen. The 
general condition remains unaffected and attention is generally 
attracted to the condition by the appearance of a gradually enlarging 
swelling, which slowly becomes elongated in the direction of the 
muscle fibers. It is situated beneath the deep fascia and the skin 
over it is freely movable. As in other muscle tumors, the mass 'can 
be moved across the direction of the muscle fibers, when the muscle 
is relaxed, but becomes fixed upon contraction. The process is 
usually well encapsulated and seldom involves the surrounding 
structures, though different muscles may be involved at the same 
time. Because of its deep situation, the skin over the mass is never 
perforated and retains its normal color and texture. 

The appearance of a normal skin overlying a definite tumor 
of muscle in a patient already afflicted with tuberculosis must arouse 
the suspicion of tuberculosis of the muscle. Differentiation must, 
of course, be made between this condition and the other types of 
muscle tumor occasioned by true neoplasms, parasitic disease, 
teratomata and inflammations, either of the acute, pyogenic type, 
or that due to the chronic granulomatous infections. 

In the sense that tuberculosis of muscle is not known to lead to 
generalized tuberculous infection, the prognosis is good. On the 
other hand, spontaneous cure has never been observed. The treat- 
ment of choice is by excision of the affected muscle. Incision and 
curettage of the lesion has been advised, but is not to be recom- 
mended. Where the location of the disease is such that excision is 
impossible, the use of Bier’s hyperemia, aspiration and injection of 
the cavity by means of 10% iodoform in glycerin, and Roentgen ray 
therapy have been used with satisfactory results. As in all forms 
of tuberculosis, the general care of the patient is a matter of prime 
moment. 
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Spinal Anesthesia. Technic and Clinical Application. By George R. 

Vehrs, M.D., Salem, Oregon. Pp. 269; 81 illustrations. St. Louis: 

The C. V. Mosby Company, 1934. Price, S5.50. 

The author states that this work, dedicated to the late J. C. Da Costa, 
constitutes a survey of the experimental and clinical records in the field 
of spinal anesthesia for the past 49 years. The style in this monograph 
is not an easy one, many of the chapters ha-vung been written in a choppy 
manner. In numerous instances the historical data are not correct. The 
author states “light and heavy novocain fluids, long used by Babcock” 
when it is well known that Babcock used stovain for many years. Ferguson 
is repeatedly spelt Furguson. In numerous other particulars the work 
falls short of the Reviewer’s anticipations. Statements such as “the blood 
sugar immediately began to pyramid, with the greatest velocity in the 
first eight to ten hours” after ether anesthesia can hardly be Irue, since 
anyone who is at all familiar with the subject well knows that, although 
there is a marked rise in the blood sugar immediately after ether anes- 
thesia is begun, there is a fall to nearly normal within a short time after 
recovery from the anesthetic. The work of Austin and his coworkers shows 
that acidosis is not a serious factor, as is here stated, in ordinary ether 
anesthesia. Nor is the statement that “in ether anesthesia, the poisons 
are generated by the destructive metabolic processes which limit the 
ability of body cells to utilize the blood sugar,” a clear statement of the 
metabolic changes that occur in ether anesthesia. Spinal anesthesia needs 
no defense that is based on misstatements of the effects of other anesthetics, 
and the author’s monograph would have been greatly improved had he 
avoided such pitfalls. The illustrations are excellent, and much of the 
practical discussion is interesting and valuable. In too many instances 
the author has, however, included clinical data which add little to the 
work and in some instances even show a failure critically to evaluate 
scientific material. For those who desire a reference book on spinal 
anesthesia this book ■will fill a need. The author states justly that “the 
greatest safety to the life of the patient in spinal anesthesia lies in specializa- 
tion in technic by surgeons under experienced tutors, '\\fiien dealing with 
human lives there is little room for the unexperienced.” I. R. 


Acute Intestinal Obstruction. By Monroe A. McIver, M.D., Sur- 
geon-in-Chief, Mary Imogene Bassett Hospital, Coopersto-^vn, N. Y. Pp. 
430; 62 illustrations. New York: Paul B. Hoeber, Inc., 1934. Price, S7.50. 
This excellent monograph is divided into three major dmsions: Part I, 
giving a general picture of the disease; Part II, dealing ■with diagnosis and 
treatment; and Part III, covering experimental work. There are in all 
34 chapters, each followed by an excellent bibliography. The illustrations 
are good. The style is so smooth and the text so interesting that the 
Reviewer found himself reading it as he would an interesting novel. The 
author has thoroughly covered the historical aspects of each topic wliich 
he reviews. His climcal deductions are sound and the experimental 
aspects of intestinal obstruction are reviewed in a brilliant manner. He 
has been most modest of his oi\m contributions to tliis very important 
field. 
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He has carefuUy covered the high and low obstructions and the common 
and uncommon causes of obstructions. He has in an unbiased manner 
carefully weighed the evidence as to the cause of death in the various 
types of lesions and has evolved from the best available sources the most 
rational methods of treatment. He has sanely evaluated the experimental 
investigations into this subject and has shown that much of tliis work can 
be directly applied to clinical practice. But the Reviewer must not sa,y 
too much, for there is not a surgeon who can afford to be without this 
volume. I- R- 


Surgery of a General Practice. By Arthur E. Hertzler, M.D., 
Chief Surgeon, Halstead Hospital; Professor of Surgery, University of 
Kansas, and Victor E. Chesky, M.D., Chief Resident Surgeon, Halstead 
Hospital. Pp. 602; 472 illustrations. St. Louis: The C. V. Mosby Com- 
pany, 1934. Price, SIO. 

The basis of this book is the last edition of the senior author’s Minor 
Surgery (1930), but the work is so completely rewritten that its origin could 
hardly be recognized. The three parts deal vdth “Special Surgery,” 
“Regional Surgery” and “General Surgical Considerations.” In all there 
are 31 chapters, well illustrated and, to a large extent, witten in the inimit- 
able Hertzler style. It may be questioned whether many of the subjects 
covered belong in a textbook covering the surgery of a general practice, 
but one can hardly say what is and what is not “minor surgery.” The 
authors state that “those who shy at state medicine may serve the cause 
best by serving the patient efficiently, inexpensively and quickly. When 
the general practitioner cared for the ailing public, there was no complaint 
about the high cost of hospital care.” Tliis book will rapidly find its way 
into many bookshelves which already contain numerous volumes on similar 
subjects. It justly deserves this recognition. I. R. 


Modern Drug Encyclopedia and Therapeutic Guide. By Jacob 
Gutman, M.D., Phar.D., F.A.C.P., Consulting Physician, Manhattan 
General Hospital, etc. Pp. 1393. New York: Paul B. Hoeber, Inc., 
1934. Price, S7.50. 

This tremendous book attempts to bring within one cover details of 
8160 “popular” drugs of knoivn and unknown composition, together with 
therapeutic information (396 pages) from three points of view: (1) Prepa- 
rations classified chemically and pharmacologically; (2) preparations used 
in 16 specialties; and (3) diseases and the preparations indicated in their 
treatment. 

Suffering from the unavoidable handicaps of such an approach, this 
liook, like others of its type, betrays its limitations, even its traps, when 
one tries its use in a familiar field. As an up-to-date source of considerable 
information presented “without bias or comment,” it has a distinct field of 
usefulness; it should not be used (and perhaps was not so intended) as a 
guide .in the treatment of disease. A 60-page bibliography is a notably 
useful feature which makes its various parts readily usable. 

E. K. 


CoCCIDIA AND CoCCIDIOSIS OF DOMESTICATED, GaME AND LABORATORY 
Anijials and of Man. Monograph No. 2, Division of Industrial Science, 
low State College. By Elery R. Becker, D.Sc., Associate Professor 
of Protozoology, Iowa State College. Pp. 147; 25 illustrations. Ames, 
Iowa: Collegiate Press, Inc., 1934. Price, S2.50. 

Appreciation of the economic importance of coccidiosis as a disease of 
domestic, game and laboratory animals is mainly the result of investigations 
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completed witliin the past few years. This monograph is a timelj' analysis 
of published material. The first chapter gives a general account of coccidia 
and coccidiosis. The ne.\t 22 chapters (all very brief) contain discussions 
of the disease in various animal hosts. An appendix of three sections gives 
references to species not mentioned in the text, a host catalogue and notes 
on technique. There is also an extensive bibliography. Authors and 
subjects are indexed separately. Those who are directly or indirectly inter- 
ested in coccidia or in animals parasitized by them should find this book 
helpful. H. E. 


Treatment in General Practice. By Harry Beckman, M.D., Profes- 
sor of Pharmacology at Marquette University School of Medicine, Mil- 
waukee. Pp. 889. Second edition, revised and entirely reset. Phila- 
delphia; W. B. Saunders Company, 1934. Price, $10. 

Thorough revision, the inclusion of some new material, the deletion of 
some of the old — in all of which the author shows an increasing and sound 
conservatism — combine to make the new edition an even better book than 
the first and liighly to be recommended to all physicians. R. K. 


Treatment of the Commoner Diseases. By Lewellys F. Barker, 
M.D., Professor Emeritus of Medicine, Johns Hopkins University; 
Visiting Physician, Jolms Hopkins Hospital, Baltimore. Pp. 319. 
Philadelphia: J. B. Lippincott Company, 1934. Price, $3. 

Based upon ten post-graduate lectures to the Academy of Medicine of 
Lima and AUen Counties, Ohio, this volume deals “ivith the management 
of some of the internal disorders that are not infrequently met with by the 
physician who engages in general practice.” The author states “I shall 
make no attempt to discuss fully and completely any topic whatever; but 
I shall feel free to wander whither I will, making running comments upon 
any subject that may occur to me as being pertinent to general medical 
practice.” The author’s rich experience, sound judgment and delightful 
style combine to make this little book valuable “brush-up” reading for the 
busy practitioner. A further feature is the large number of references 
(over 600) to original sources. The Reviewer, however, permits himself to 
differ ivith the recommendation to give quinine intravenously to patients 
who have an idiosyncrasy to quinine by mouth, as well as with that to use 
vigorous salvarsan treatment in syphilis of the liver. R. K. 


NEW BOOKS. 

The Surgical Clinics of North America, Volume I 4 , No. 3 {Mayo Clinic 
Numher— June, 1934 ). Pp. 221; 70 illustrations. Philadelphia: W. B. 
Saunders Company, 1934. 

Collens System of Diet Writing. Including Diet Calculator, Obesity Chart, 
100 Menu Prescription Forms. By William S. Collens, B.S., M.D., 
Chief, Diabetic Clinic, Israel Zion Hospital; Assistant Physician, Green- 
point Hospital; Metabolist, Brooklyn Women’s Hospital; Consulting 
Metabolist, Rockaway Beach Hospital. New York: Form Publishing 
Company, 1934. Price, $5. 

German Medicine. By W. Haberling, M.D., Professor of The History of 
Medicine, Academy of Dusseldorf. Translated by Jules Freund, M.D., 
Ex-Associate in Bacteriology, University of Pennsylvania. Vol. 13 of 
Clio Medica. Pp. 160; 9 illustrations. New York: Paul B. Hoeber, 
Inc.,. 1934. Price, SI. 50. 
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Medicine in Persia. By Cyril Elgood, M.D., JVI.R.C.P., Late Physician 
to the British Legation, Teheran, Persia. Vol. 14 of Clio Medica. Pp. 
105; 11 illustrations. New York: Paul B. Hoeber, Inc., 1934. Price, 
$1.50. 

Lane Medical Lectures: Biochemical Studies of Nutritional Problems. Vol. 
3, No. 2 of Stanford University Publications. By J. C. Drummond, 
Professor of Biochemistrj’-, University College, University of London. 
Pp. 106; 6 figures. Stanford University, California: Stanford Univer- 
sity Press, 1934. Price not given. 

The Spastic Child. A Record of Successfully Achieved Muscle Control in 
Little’s Disease. By Marguerite K. Eischel. Pp. 97; 2 illustrations 
and 14 figures. St. Louis: The C. V. Mosby Company, 1934. Price, 
$1.50. 

The Laboratory Notebook Method in Teaching Physical Diagnosis and Clinical 
History Recording. By Logan Clendenning, M.D., Professor of Clinical 
Medicine in the University of Kansas. Pp. 71. St. Louis: The C. V. 
Mosby Company, 1934. Price, 50(1. 

Medecine et Hducation. By G. Mouriquand, M. Pehu, P. Bbrtoye, J. 
Barrier, P. Vignard, P. Mazel, Abbe Monchanin, R. P. Charmot, 
and P. D’Espiney. Groupe Lyonnais d’ Etudes M4dicales, Philoso- 
phiques et Biologiques. Pp. 234; 1 illustration. Lyon: P. Lavandier, n.d. 
Price, 12 fr. 

Craniocerebrale Schemata fur die roentgenographische Lokalisation. By 
Professor Dr. A. Schuller, Consiliarius am Zentral-Roentgen-Institut 
des aUg. ILrankenhauses in Wien (Leiter Dozent E. C. Mayer), and Dr. 
H. Urban, Assistent der psychiatrisch-neurologischen Universitatsklinik 
in Wien (Vorstand Prof. Dr. 0. Potzl). Pp. 8; 17 illustrations and 1 
cellophane sheet. Leipzig: Franz Deuticke, 1934. Price, M. 4. 

Die Ophthalmologie des Sukrxita. Textkritisch bearbeitet, iibersetzt und 
mit Concordanztabellen zu Bhavamisra versehen. By Dr. Med. et 
Phil. A. Albert M. Esser, Augenarzt in Diisseldorf . Heft 22 of Studien 
zur Geschichte der Medizin. Pp. 83. Leipzig: Ambrosius Barth, 
1934. Price, Rm. 7.50. 
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An Introduction to Practical Bacteriology . A Guide to Bacteriological Labora- 
tory Work. By T. J. Mackie, M.D., D.P.H., Professor of Bacteriology, 
University of Edinburgh, etc., and J. E. McCartney, M.D., D.Sc., 
Director of Research and Pathological Services, London County Council, 
etc. Pp. 504. Fourth edition. Baltimore: William Wood & Co., 
1934. Price, $4. 

Manual of the Diseases of the Eye. By Charles H. May, M.D., Director 
and Attending Surgeon, Eye Service, Bellevue Hospital, New York, 1916 
to 1926; Consulting Ophthalmologist to the Mt. Sinai Hospital, to Belle- 
vue Hospital, to the French Hospital, New York, and to the Monmouth 
Memorial Hospital, etc. Pp. 496; 376 illustrations including 25 plates 
with 78 colored figures. Fourteenth edition, revised. Baltimore: 
William Wood & Co., 1934. Price, $4. 

This manual for students and practitioners continues its successful course. 

Applied Physiology. By Samson Wright. Pp. 604; 195 illustrations and 
1 colored plate. Fifth edition. New York: Oxford University Press, 
1934. Price not given. 
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THE PATHOLOGY OF PNEUMONOCONIOSIS : A REVIEW. 

Sixty-seven years ago Prof. Kussmaul, of Freiburg in Breisgau, 
wrote: “The inlialation of dust particles as a disease-producing 
potentiality has, witli good cause, greatly occupied the medical pro- 
fession in tlie last two hundred years, as witness of which there is to 
be found a large series of excellent treatises by English, French, German 
and Belgian physicians, dealing with diseases of labouring classes 
whose occupations compel tliem to work in dusty air.” If; in Kuss- 
maul’s time, there was already a large series of treatises on tlie subject, 
how may the present-day mass of literature be represented? 

The many contributions of recent years have attacked the problem 
from various angles, and none witli greater effect perhaps than those 
which have dealt witli tlie patliogenesis of tlie disease; for upon an 
elucidation- of tlie underlying morbid process awaits the hope of Bierapy 
and prevention. It is in consequence of a current tendency to ques- 
tion some of the older conceptions of tlie pathology of dust diseases 
that the need for a retyew arises. 

Though, broadly speaking, all occupations invohdng habitual ex- 
posure to dusty atmospheres have been attended by some menace to 
health, attention has been gradually focused more acutely on those 
industries in which the workers suffer from a high incidence of pul- 
monary phtliisis; and tlie more offensive dusts have been gi-adually 
singled out, until of late years the incriminating finger of scientific 
scrutinj’’ points almost exclusively to one common constituent of the 
earth’s crust, namely, silica, as tlie chief if not the only source of tlie 
phthisis-producing dust of industry. 

The eiddence against silica is based largely upon studies of Yutal 
statistics, such as have been made by Collis (1915, 1919, 1921, 1933), 
hliddleton (1919), Greenburg (1925), Stewart (1929), Ru.ssell (1930), 
Policard and Martin (1930), and the credibility of the eiddence rests 
upon tlie demonstration that uncombined silica (SiOo) comprises or is 
a constituent of nearly every dust concerning which Yutal statistics 
display a high death rate from phthisis among tlie affected peoples. 

Of late, however, doubt has arisen in several quarters as to the 
accuracy of attacliing all tlie blame to silica. It has been seriously 
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questioned whether some otlier mineral substances may not also give 
rise to dangerous dusts in industry; whether, in fact, the disease entity 
which has come to be more or less universally recognized as silicosis 
may not be due, in some instances at least, to the inhalation of dusts 
which contain no uncombined silica. Witli the idea, therefore, of 
seeking to avoid misapplication of the term silicosis to disease processes 
possibly not caused by silica, the more comprehensive term pneumono- 
coniosis (coined by Zenker, in 1866, meaning literally “lung full of 
dust”) will be used wherever possible in this ^e^4ew. 

It will not be amiss to summarize briefly the tissue changes which 
characterize pneumonoconiosis. These have been well described by 
numerous authorities. (Greenhow, 1865, 1866, 1867, 1869; Zenker, 
1866; Arnold, 1885; Ziegler, 1908; Shattock, 1914; Watkins-Pitchford, 
1914, 1915, 1927; Watt, Irvine, Johnson and Stewart, 1916; Middleton, 
1919; Landis, 1919; Mavrogordato, 1922, 1926; Kettle, 1925, 1933; Cum- 
mins, 1927, 1931; Ickert, 1928; Schridde, 1929; Gardner, 1929; Straehan, 
1930; Simson, 1930; Straehan and Simson, 1930; Irvine, Simson and 
Straehan, 1930; Giese, 1931; and Leporin, 1931.) Up to a certain point, 
all the common inorganic dusts, when inlialed in appreciable quantities 
over long periods, produce remarkably similar effects upon tlie lungs. 

The Phases of Pneumonoconiosis. The initial insult is felt by the 
lining membranes of the air passages. Collis (1915), who has dealt 
fully with this phase of the reaction, asserts: “Bronchitis is, par 
excellence, the chief of the pneumonoconioses” ; and Straehan and 
Simson emphasize the presence of a dry bronchiolitis from the start. 
Nearly all authors stress the persistence of a bronchitis throughout 
the course of the disease; and, save to mention tliat it varies in severity 
from one type of dust to another, it need not occupy our attention further. 

Gardner (1933) describes 5 phases of the reaction, which, with slight 
modifications to fit the terminology of other writers and combining 
liis 3rd and 4th phases under one heading, will serve as a basis upon 
which to summarize the main reactions. 

1. Early Parenchymatous Lesions. When appreciable quantities of 
dust first permeate the air sacs many phagocytes wander out from the 
alveolar walls to ingest the particles and a state of catarrhal inflam- 
mation is set up. If the dust be particularly irritant or accompanied 
by pathogenic organisms, a sharp inflammatory process in the form of 
a bronchopneumonia may supervene. This is commonly what happens 
in experimentel animals during dusting experiments, and with them 
the pneumonia often proves fatal. If they survive such an attack, 
patches of the pneumonia commonly fail to resolve, and plugs of 
exudate containing many dust-laden phagocytes undergo organization 
and form balls of cellular fibrous tissue within alveolar ducts and atria. 
Such lesjons have often been misinterpreted as constituting “silicotic 
nodules,” an error which vitiates some of the experimental work to be 
considered later. In the absence of pneumonia, or following its sub- 
sidence, tlie lung attempts to rid itself of dust-laden cells within the 
air sacs. Phagocytes wliich are grossly overloaded with foreign par- 
ticles, a,nd having little ameboid activity, are slowly evacuated into the 
bronchioles, carried up by the ciliary action of tlie bronchial mucosa 
and finally expectorated. More active phagocytes penetrate the alveo- 
lar walls and gain access to the lymphatic channels within the interstitial 
framework of the lungs. 
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2. Lymphatic Stasis. At this stage pneumonoconiosis becomes 
essentially a disease of the pulmonary lymphatic system, a chronic, 
obstructive lymphangitis of the lungs. In order to grasp the signifi- 
cance of this condition it is necessary to understand the anatomy and 
function of the pulmonary lymphatic drainage as described by Arnold 
(1880), hliller (1911), Haythorn (1913) and Simson (1930). Briefly, 
the lymphatic system of ^e lung consists of a series of irregular and 
ill-defined channels in the subpleural and interlobular connective tis- 
sues and in the adventitial coats of bloodvessels and bronchi; these 
channels are equipped with rudimentary valves (Dunham, quoted by 
Landis, 1919); they converge at the hilus and drain into the tracheo- 
bronchial glands. A sharp distinction should be made between lym- 
phatic channels and lymphoid tissue; the latter constitutes lymph nodes 
which act as traps or filters along the course of the channels. Small 
lymph nodes are present in the pleura and along the bronchi, becoming 
larger and more numerous toward the hilus, where they merge with the 
tracheobronchial and mediastinal glands. To the pulmonary lym- 
phatics belongs the important function of providing an exit from the 
lung for phagocj^es laden with foreign particles or microorganisms, 
and they also serve a significant purpose in the resolution of inflam- 
matory processes (Haythorn, 1913). 

As dust is evacuated from the lung via the lymphatic route it piles 
up in the nodes, which soon become congested to such a degree that 
they develop a diffuse hyperplasia of their reticular cells amounting to 
a fibrosis, in which the dust particles are more or less permanently 
incarcerated (Herring and McNaughton, 1922). Then stasis develops 
in the afferent lymphatic channels and gradually spreads farther and 
farther afield, until the lung is streaked and mottled with dust collec- 
tions. This is not necessarily a permanent state of affairs (Haynes, 
1926). Given rest from further exposure, much of the dust in the 
afferent channels may be removed (Mavrogordato, 1926), or if edema 
supervenes, the dust-laden phagocytes may be reactivated and migrate 
bilusward or backward into the air sacs again (Haythorn, 1913). 
In the event of continued inhalation the lymphatic channels eventually 
become congested and choked with dust-laden phagocytes. The phago- 
cytes tend to break down and the liberated particles are transferred 
to reticular cells, which increase in number and give rise to a moderate 
permanent thickening of the connective tissues in the pleura, inter- 
lobular septa and adventitial coats of bloodvessels and bronchi. "^^Ten 
examined microscopically, sections from such a lung show the blood- 
vessels and, to a lesser extent, tlie bronchi and bronchioles (Haynes, 
1926) mantled vdth a coat of dust-laden reticular cells, often enclosing 
small channels filled with dust-laden phagocytes, collections of which 
Mavrogordato likens to thrombi. Similar deposits of pigment may 
be seen immediately under the pleura and in the interlobular partitions, 
but not in the alveolar walls (Simson, 1930). The vessels are not 
affected by the surrounding dust and fibrosis. One or two authors have 
described an endarteritis obliterans in relation to pneumonoconiosis, 
but others have shown tliat it does not occur. With most inert foreign 
materials, the commonest example of which is coal dust, this is tlie 
sum total of the reaction. Landis (1919) points out that lymphatic 
pneumonoconiosis of mild degree is present to some extent in nearly 
all adult city dwellers, but rarely interferes with health. Mavrogordato 
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(1926) observes that the pulmonary lymphatics may be occupied for 
years, even, by a so-called phthisis-producing dust, without provoking 
clinical signs or appreciable fibrosis. 

3. Perilyinphatic Fibrosis and Beading. With the more injurious 
dusts additional changes commonly take place. The interstitial tissues 
with which the dust is in contact begin to thicken and nodular aggre- 
gations occur at the points of junction of various lymph channels where 
small receptacula are formed, particularly where the interlobular septa 
join the pleura and where the bronchi and bloodvessels bifurcate. 
These aggregations constitute the “pseudotubercles” of Mavrogordato 
(1922) and the “intralymphatic plaques” of Carleton (1924) and the 
“beading” commonly referred to by roentgenologists. Mavrogordato 
observes “the pigment-bearing cells accumulate at certain points 
(along the lymphatics), bringing to mind ‘log jams’ at the turns and 
shallows in rivers of a lumber country.” Groups of dust-laden cells 
collect in these plaques and lay down a fine network of reticular fibrils 
(Gardner, 1932), thus giving rise to a permanent lesion (Carleton, 
1924), which, however, does not yet constitute the so-called “silicotic 
nodule” to be considered presently. Mavrogordato (1922) has sug- 
gested the term “lymphatic cirrhosis” of the lung as applicable to this 
phase of pneumonoconiosis. It should be emphasized that up to, and 
including this stage, the parenchyma of the lung is as yet uninvolved 
by any permanent change. Though beading of the linear lymphatics 
is regarded as positive evidence of a pneumonoconiosis from the stand- 
point of compensation, the discrete, parenchymal nodules, held to be 
specific for silicosis, are as yet lacking. 

The gross appearances of the lung at this stage of pneumonoconiosis 
are characterized by excessive pigmentation, for, whatever be the 
essential nature of foreign particulate matter within the lung, it is 
always of a mixed character and contains colored matter in the form 
of carbonaceous or argillaceous particles or both. Pigmentary injection 
of the pulmonary lymphatics shows itself then to the naked eye as 
marbling of the pleura, streaking and mottling of the cut lung surface 
and uniformly deep coloring of the tracheobronchial glands. Watkins- 
Pitchford (1915) aptly states that; unless at least some excess of pig- 
mentation is found in the substance of the lung, it may be safely con- 
cluded that the individual was not the subject of pneumonoconiosis 
in any form.^ The pigmented moiety of the inhaled dust is not neces- 
sarily the mischief-making factor, nor is it always increased in propor- 
tion to the amount of damage present, nor does it necessarily indicate 
excessive exposure to pigmented dust, for it may simply represent the 
usual anthracotic pigmentation common to the lungs of nearly all 
adults, but somewhat increased as the result of faulty elimination due 
to choked lymphatic exits (Watkins-Pitchford, 1915). Another dis- 
tinctive feature of simple pneumonoconiosis is that the tissue changes 
are symmetrical and uniform tlmoughout both lungs, a feature which, 
theoretically at least, distinguishes the simple from the complicated 
pneumonoconiosis. 

With the proliferation of reticular cells, and ultimately the laying 
down of collagen in relation to the dust deposits, the lesions become 
definitely demonstrable to the touch, a factor of paramount importance 
in a legal sense, for in most countries it is only when the lesions are 
both wsible and palpable that the presence of silicosis in a lung sped- 
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men becomes recognizable by law (Watkins-Pitcliford, 1927). On tlie 
cut surface of such a lung the dusted foci may, tlierefore, stand out as 

■ palpable .nodules, whereas in reality tliey are not nodules at all, but 
simply the cut ends of thickened Ijunphatic trunks Awth bloodvessels 
or bronchi in their centers. Watkins-Pitchford has sho'wn (1915) that, 
when dissected out, these palpable lesions are really beaded strings and 
not discrete nodules. There has been much confusion occasioned in 
the minds of many investigators by failure to differentiate tliis simple 
lymphatic thickening from the more specific, discrete, so-called " silicotic 
nodule,” to be considered presently. 

The tracheobroncliial lymph nodes are densely pigmented, usually 
jet black, a little enlarged and of rubbery consistency, hlicroscopically 
they show a heavy deposition of dust particles in tlie reticular cells. 
Fibrous nodules are not necessarily present in the nodes; the usual 
type of induration consists of a more or less diffuse hyperplasia of 
reticular cells, more marked in the medulla than in the cortical parts of 
the gland. 

4. The Stage of Nodnlation (“Silicotic Nodale”). In the more serious 
types of pneumonoconiosis, notably in. silicosis, there occurs a charac- 
teristic lesion of a sort quite different from tlie lesions described up 
to tins point. It consists of a dense nodular growth of connective 
tissue formed of more or less concentric strands of collagen, sometimes 
forming a filigree pattern, always interlarded with narrow chinks like 

■ basketwork, always acellular in the central portions and invariably 
surrounded by a zone of cellular connective tissue. These nodules 
occur singly, in wloich case they are quite small, averaging about 1 mm. 
in diameter, but more commonly they are agminated into small com- 
posite groups of the size of a pea or occasionally somewhat larger. 
They are found in the parenchyma of the lung, in the subpleural tissues 
and in the hilus glands. Their distribution is characteristic; thej’’ 
always appear to arise in interstitial tissue of the lung (Mavrogordato, 
1922), commonly at the entrance to the lung lobule (Simson, 1930; 
Irvine, Simson and Strachan, 1930), though not necessarily in relation 
to Ijmiphoid tissue (Kettle, 1932). They stand discrete from blood- 
vessels or bronchi. Quite often composite nodules appear to replace 
entire lung lobules (Zenker, 1867; Watkins-Pitchford, 1914, 1915; 
Belt, 1929). Not infrequently, composite nodules are so thickly placed 
as to form a massive induration, replacing large areas of lung paren- 
chjmia. The nodules are of firm, rubbery consistency and iron-gray 
to black in color. The larger nodules often have a laminated appear- 
ance demonstrable to the naked eye and show thin rings, like the 
annual rings of a tree trunk; the intensity of the pigmentation vai'ies 
from one ring to anotlier so that it is not uncommon to find one or 
more rings of pale silvery color in an otherwise black nodule. In an 
area of conglomerate nodules these rings of lesser pigmentation lend 
to the specimen a peculiar naked-eye appearance' which Watkins- 
Pitchford (1915) has designated as “fibrotic figures.” On the whole, 
the nodular lesions are much less deeply pigmented than the peri- 
vascular and peribronchial aggregations. In distribution the nodular 
lesion tends to be much more irregular tlian the changes of the preced- 
ing phase of the reaction. It is usual to find some parts of the lung 
less affected (by the nodular lesion) than others; indeed, tliere may 
be only 1 or 2 nodules in a single lobe or in a whole lung (V\^atkins- 
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Pitcliford, 1915). In the tracheobronchial glands the nodular lesions 
tend to localize in the cortex, near tlie capsule (Giese, 1933), in contrast 
to the diffuse fibrosis of the second and third phases, wliich has a 
predilection for tlie hilus of the gland. 

The nodular lesions are of more serious consequence than the rek- 
tively innocuous lymphatic cirrhosis of simple pneumonoconiosis. 
The economy of the lung now suffers interference. Considerable areas 
may be consolidated as the result of massive fibrosis, and, while tins 
in itself is seldom sufficient to produce death, yet emphysema and 
embarrassment to the right side of the heart are common sequelae and 
not infrequently determine a fatal issue. But what is of greater con- 
sequence, the individual is now a very poor risk, should pulmonary 
infection supervene. 

The Nature of the ‘‘Silicotic Nodule.” Concerning this nodular lesion 
pathologists are unanimously agreed that it is of more or less constant 
morphologic character and peculiarly distinctive of full-blown pneu- 
monoconiosis. But here the unanimity ceases; as to the exact etiology, 
pathogenesis and significance of the lesion there is great divergence 
of opinion. The majority of pathologists have followed in Zenker’s 
footsteps and regarded it as a lesion produced entirely through the 
agency of dust. Many have taken the further step of ascribing it 
specifically to silica dust, and consequently it has come to be known 
the world over as a “silicotic nodule.” A few have clung to the 
alternative idea which was also in Zenker’s mind, that it represents 
an obsolete tuberculous process; others regard it as a combined effect 
of tuberculous infection plus excessive dust inhalation. 

Were it not for the fact that pulmonary tuberculosis so often com- 
plicates pneumonoconiosis, the problem of deciding the etiology of the 
silicotic nodule would be simplified. But tlie two diseases are so 
frequently coupled in industry tliat the question of the respective role 
of each has been a notoriously perplexing problem. 

There is the incontrovertible fact of a liigh incidence of nodular pneu- 
monoconiosis in indiidduals whose occupations e.xpose them to the 
inhalation of large quantities of silicious dust. It has been shown 
also that the silicotic nodule often contains appreciable numbers of 
silicious dust particles (Greenliow, Zenker, Watkins-Pitchford, Collis, 
Mavrogordato, Belt, Giese, Gardner, Klotz, et al.), a fact which sug- 
gests an etiologic relationship of the dust to the lesion. On the side 
of negative evidence in the same direction, stress has been laid on the 
consistent absence of histologic criteria of tuberculosis in the silicotic 
nodule; where there are neither giant cells nor caseation nor character- 
istic granulomatous reaction, most morphologists refuse to recognize 
the elements of tuberculous infection. Numerous attempts to demon- 
strate the tubercle bacillus in the silicotic nodule have failed, and in 
a few instances where biologic tests have been carried out, the tissues 
have proved negative on guinea-pig inoculation (Strachan and Simson, 
1930). Furtliermore, there comes from all sides tlie common clinical 
observation ^ that many cases of nodular pneumonoconiosis fail to 
evince the signs and symptoms of an infective process. 

Numerous attempts have been made to reproduce the lesions of 
pneumonoconiosis by the introduction of A^arious types of dust into 
the tissues of experimental animals. (Ruppert, 1878; Wainright and 
Nichols, 1905; Beattie, 1912; Cesa-Bianchi, 1913; MaiTogordato, 
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1918; Gardner, 1920 ct scq.; Gye and Purdy, 1922; Carleton, 1923; 
Rona, 1924; Willis, 1928; iS'Iills, 1931; Hajmes, 1931; Policard, 1931; 
Policard and Rollet, 1931; Kettle, 1932, 1934; Lemon and Higgins, 
1932; Lemon and Feldman, 1933; Cameron and Lang, 1933; iMiller 
and Sayers, 1934; Robson, Irwdn and King, 1934.) 

These experiments have proved of great A'alue in elucidating the 
cytology of the dust reaction and ascertaining tlie relative effects of 
\"arious dusts, and, while for the most part little difficulty has been 
experienced in reproducing the early lesions of pneumonoconiosis as 
seen in man, viz., lymphatic choking and thickening, plaque and pseudo- 
tubercle formation, yet the results have been singularly disappointing 
as regards reproduction of the well-known silicotic nodule of the human 
disease. Many authors have claimed experimental reproduction of 
“tjqiical silicotic nodules," but careful scrutiny of their illusti’ations 
and descriptions fail to conHnce one that their claims are valid. Nearly 
all experimentalists in the field of pneumonoconiosis stress the high 
incidence of pneumonia in dusted animals, and, from a critical evalua- 
tion of their results as a whole, it seems more than probable that the 
majority of fibrous lesions produced in the parenchyma of animals’ 
lungs by experimental dusting are due in no small measui’e to a secon- 
dary pneumonia rather than to the dust per sc. Thus, in tlie latest 
piece of experimental dusting to be reported (Robson, Irwin and King, 
1934), the lesions claimed to be “typical, silicious, fibrotic nodules" 
are obviously nothing more than patches of organized pneumonia, 
bearing no resemblance either in morphology or distribution to tlie 
silicotic nodules of a miner’s or a stonemason’s lung. Strachan (1930) 
expresses grave doubt as to whether a true, non-infective, uncompli- 
cated silicosis (meaning the nodular type) has yet been produced in 
experimental animals. The same doubt is expressed by Kettle (1934). 
Researchers who have injected dust suspensions intravenously or sub- 
cutaneously have produced quite definite lesions, usually ending in 
fibrosis, but it is not too much to say that none of these has repro- 
duced the silicotic nodule. 

The prolonged and elaborate experimental work of Gardner (1932) 
stands out in contrast to tlie rest as haHng attained results more 
comparable to tlie human lesions. In the lungs of some of liis rabbits 
and guinea pigs exposed to daily dusting with particulate siliea and 
silicates for periods up to 3 years and more, there have developed 
fibrous nodules quite like the fibrous knots of human pneumonoconiosis, 
tliough still falling somewhat short of exaet duplication. Gardner 
himself admits tliere is at least one peculiarity of his experimental 
nodules, namely, that tliey remain vascularized, wliich makes them 
differ from tlieir human counterpart. 

With this long series of e.xperiments in the background illustrating 
the difficulty of reproducing the silicotic nodule, the recent successful 
attempt by Kettle (1934) is particularly significant. By the addition 
of dead tubercle bacilli to a suspension of powdered clay (aluminium 
silicate), the characteristic lesion was induced in guinea pigs’ lungs in 
the relatively short period of 112 days. The illustrations accom- 
panying Kettle’s report leave no room for doubt that the silicotic nodule 
has at last been faitlifully reproduced. The significance of Kettle’s 
work lies, of course, in tlie fact that it strongly suggests the silicotic 
nodule to be the result of the combined effect of a dust factor plus 
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a tubercle factor. This bit of experimental evidence lends strong 
support to a view which has long been in the back of many an investi- 
gator’s mind and openly expressed by not a few. Watkins-Pitchford 
at first (1914) took the silicotic nodule for a non-infectious lesion due 
solely to dust, but later (1915) he says “I now think I may have been 
mistaken and that these fibrotic figures, though histologically totally 
dissimilar to tubercles, are a pathologically unique indication of the 
presence of the tubercle bacillus in the silicotic lung. . . . Dr. L. 
G. Irvine has long held that these peculiar gray figures were due to a 
tuberculous infection. . . . Isolated examples of these figures are 
sometimes seen to be the seat of caseation, organisms have occasion- 
ally been found in them and biological tests of their contents are some- 
times positive for B. tuberculosis.” Policard (1930) says “In the 
immense majority of cases, if not in all, the silicotic lung is also a tuber- 
culous lung.” Irvine, Simson and Strachan (1930) make the following 
significant statement; “We should not tliink of ‘simple’ silicosis 
merely as a dust fibrosis, but as being, at least in many cases, a dust 
fibrosis, which from its beginning as a clinically detectable condition is 
linked up with an element of latent tuberculous infection.” In the 
same article as the above quotation appear the following striking 
figures as to the prevalence of tuberculosis among silicotic miners in 
South Africa: 1923 cases were diagnosed as primary “simple” silicosis 
from 1917 to 1923. Of these, 543 were dead by July 31, 1929, 373 
having died of tuberculosis. And Professor Loriga, of Italy (1930), 
adds “The infectious tubercular factor constitutes such a frequent 
complication as to leave the doctor almost constantly in doubt in 
regard to the gravity of the pneumonoconiosis considered as a separate 
disease.” 

It is questionable whether those who regard or have regarded the 
silicotic nodule as a dust lesion (Zenker, 1867; Beck, 1895; Shattock, 
1914; Watkins-Pitchford, 1914; Collis, 1915; Ma\TOgordato, 1922; 
Cummins, 1927; Gardner, 1929; Bergstrand, 1930; Bohme, 1930; 
Schridde, 1929; Strachan and Simson, 1930; Giese, 1931 and 1933) 
have justifiably ruled but tuberculosis because of the lack of giant 
cells, caseation and typical granulomatous reaction; for an obsolete 
tubercle commonly shows none of these features and surely the obsolete 
lesion is just as typical of tuberculous infection as the active lesion; 
for do not the great majority of tuberculous lesions tend to heal? 
Obsolete miliary tubercles of the spleen and liver are relatively common 
autopsy findings (Klotz, 1917) and show morphologic characters quite 
similar to silicotic nodules except that they contain no dust particles; 
but one point that the above-mentioned authors have been hard 
pressed to explain is ^he relative paucity of dust particles in the silicotic 
nodule. atkins-Pitchford and Moir (1916) found by a delicate histo- 
chemical test that there was little or no foreign particulate matter in 
certain massive areas of nodular fibrosis in silicotic lungs and concluded 
that the lesions in question were, therefore, due to infection rather 
than to dust. As one who at first championed the silica specificity of 
the silicotic nodule, the reviewer (Belt, 1929) has since had cause 
to doubt whetlier certain fibroid lesions of ordinary obsolete tubercu- 
losis could be distinguished from silicotic nodules except by reference 
to the occupational history of the case. This conies from a wider 
acquaintance with the pathology of uncomplicated tuberculosis. No 
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one Avill deny that the silicotic nodule differs from the ordinary run 
of healed tubercles, but the differences seem to represent only a modi- 
fication of the usual process, in the direction of a more complete fibrosis, 
presumably caused by the presence of dust particles (Kettle, 1934). 

Among others who adhere to the silica specificity of the silicotic 
nodule, Strachan and Simson (1930) claim to be able to trace the 
various steps in the development of the lesion in human cases from 
the simple aggregation of dust to the full-blown hyalinized knot of 
fibrous tissue. Their contentions are unconvincing. One palpable 
weakness of their presentation is that they fail to treat of the possible 
existence of such a thing as a healed, fibroid tuberculous lesion. The 
majority of lesions one sees, in the pneumonoconiotic lung are either 
of a healed character or tliey are obviously tuberculous (Belt, 1929), 
and the various stages of development of the silicotic nodule are notori- 
ously difficult of detection unless the nodule be construed to represent 
the end stage of the pneumonoconiotic tubercle, in which case the 
earlier phases of its development are often readily demonstrable. 

If then, on the basis of this accumulated ewdence one is prepared 
to admit that the silicotic nodule is really a healed tubercle modified 
by dust, it means that all cases of pneumonoconiosis characterized by 
the formation in the lung parenchyma of fibrous nodules, single, con- 
glomerate or agminated into masses (and this would take in the majority 
if not all clinically demonstrable cases), are complicated by tuberculous 
infection from the start. This is precisely the contention of Irvine 
(1930), Leporin (1931) and Policard (1933). 

The Dangerous Dusts. Silica has long been impugned as the chief 
cause of industrial phthisis. The evidence against silica has been 
built up largely upon statistical evidence (see page 424), the reliability 
of which has been questioned by Landis (1919), Loriga (1930) and 
Kettle (1932), but accepted by most other autliorities. There is also 
much experimental evidence to show that finely particulate, colloidal 
and soluble silica are capable of producing proliferative lesions in 
animal tissues (Gye and Purdy, Ma\Togordato, Carleton, Mills, Gard- 
ner, Haynes, Kettle and Policard), but that the silicotic nodule has 
ever been reproduced experimentally is open to question (see page 430). 
In their analysis of the mineral content of silicotic lungs in South 
Africa, Watkins-Pitchford and Moir (1916) claim to have found 400 
particles of quartz for every 1 particle of other substances. But 
silica is ob\’iously not the whole story. Cummins (1931) lias estab- 
lished the presence of silicosis among Welsh coal miners who have not 
been exposed to the dust of free silica, for the rock in which they 
work contains only silicates (Jones, 1933). Jones, who has investi-, 
gated the mineral content of the lungs of some of these cases, believes 
the mischief is produced by sericite, a potassium-aluminium silicate, 
and sees grounds for regarding this substance rather than silica as the 
universal cause of silicosis. Haynes (1931) has shown by animal 
experimentation that flint, slate, aluminium hydroxid, precipitated 
chalk, magnesium carbonate, carborundum, wood charcoal and col- 
loidal coal all produce proliferative lesions in guinea pigs’ lungs indis- 
tinguishable from the early lesions produced by silica. Though the 
dust of clay (kaolin or aluminium silicate) has been pretty generally 
regarded as innocuous, Kettle (1934) has shown that it produces an 
active tissue response in guinea pigs’ lungs, and by combining tins 
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dust with dead tubercle bacilli he has succeeded in reproducing t}T)ical 
silicotic nodules ^934) (see page 430). Kettle (1934) also observes; 
“I have myself seen pleural drift, plaque formation and a moderate 
degree of fibrosis, that is, the accepted signs of an incipient pneumono- 
coniosis, with such an inert substance as carbon.” Asbestos is a mag- 
nesium silicate containing little or no free silica yet capable of pro- 
ducing serious lung lesions both in man (Cooke, 1927; Gloyne, 1930; 
Sparks, 1931; Ellman, 1933) and in animals (Gardner, 1931; Schuster, 
1931). The first case of pneumonoconiosis reported by Zenker (1867) 
was due to the prolonged inhalation (7 years) of powdered red oxid of 
iron. The anamnesis was carefully investigated and it was clear this 
patient had no unusual exposure to other types of dust, yet it is ob\'ious 
from Zenker’s illustrations that tlie lungs presented lesions which 
would now be regarded as typical silicotic nodules, except that they 
were red in color. Zenker regarded all types of pneumonoconiosis as 
essentially of the same nature, save that the color of the lesions varied 
with the type of dust involved. Greenhow (1869) described several 
cases of flaxdressers’ pneumonoconiosis; he found the pulmonary 
lesions essentially the samp as those of colliers’, miners’ and stone- 
masons’ phthisis also examined by him, except that the flaxdressers’ 
lungs contained less silica by chemical assay; and he concluded “The 
nature of the substance inlialed appears to be of secondary consequence 
as regards the ultimate result.” Shattock (1914) says “Striking 
tuberculoid lesions are sometimes encountered (in the pneumonoconiotic 
lung) and the likeness is not determined by the particular kind of 
material inlialed.” Haythorn (1923) claims all dusts are a menace to 
health if inhaled to excess. Collis (1915) lays down the general prin- 
ciple “That dusts are more injurious as their chemical composition 
differs from that of the human body.” If one is justified in drawing 
any conclusions from this diversity of data and opinion, it would be to 
the effect that, though silica undoubtedly constitutes a serious health 
hazard, its specificity as a cause of pneumonoconiosis has probably 
been grossly overrated; that at least some of the silicates and possibly 
a few substances other than compounds of silicon are culpable to some 
degree. 

The chemists have been not a little at fault in promulgating the 
idea of the specificity of silica in regard to pneumonoconiosis. There 
is no satisfactory test for the presence of silica (Si02). By chemical 
assay one can only detect the presence of silicon and cannot determine 
in what combination the element exists, whether as a silicate, as oxid 
of silicon or as silicic acid; but the universal custom is to express the 
result of the assay as so many milligrams of “total silica” per unit of 
dried tissue or per unit of the ash. Many people, unfamiliar with thfe 
meaning of “total silica,” have erroneously taken it to represent the 
amount of actual silica present in a given specimen and have, therefore, 
attached undue etiologic significance to silica. 

The Size of the Harmful Particles. By digesting the tissue with strong 
acid and recovering the mineral matter, Greenhow (1865), McCrae 
(1913), Watkins-Pitchford and Moir (1916), Cooke (1933) and Jones 
(1933) have studied the morphology of foreign particles in the pneu- 
monoconiotic lung. These authors are in agreement that the majority 
of such particles are of the same order of size as common microorgan- 
isms. The average dimension is about 1.2 //; particles larger than 
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12 n have not been observed in the pneuinonoconiotic lung with the 
exception of asbestos particles which, quite unlike other dusts, enter 
the lung in the form of unusually long fibers, sometimes 100 to 200 ju 
in length (Gardner, 1931). Particles this large do not, however, 
penetrate the tissue. Recently Gardner and Cummings (1933) have 
shown by an ingenious experiment that particles of quartz under 3 n 
are much more productive of connective tissue proliferation (liver 
cirrhosis) than particles of larger size. 

How Do the Dusts Act? There is ample evidence to show tliat 
dangerous dusts generally stimulate reticular cells to proliferate. The 
mechanism of this stimulation still awaits demonstration. The old 
view that the hardness and sharpness of the particles had sometliing 
to do with provoking the reaction has long since been discarded. From 
the work of Haynes, Mavrogordato and Gardner, considerable impor- 
trance attaches to the reaction winch the various dusts call out on the 
part of the phagocytes. Dusts which are more actively phagocyted 
are, in general, more readily eliminated from the lung, either by expec- 
toration or by passage tlu-ough the lymphatic e.xits to the hilus. Dusts 
which provoke only a sluggish reaction on ^the part of the phagocji;es, 
notably stone dust (Lauche, 1930), tend to congest the lymphatic 
channels and to remain more or less permanently incarcerated in them. 
Mavrogordato states: “Dusts that make mischief are dusts that 
accumulate. Dusts that are eliminated are dusts that produce a 
marked initial reaction.” And Haynes concludes, “The intensity of 
the initial reaction to a dust is in inverse ratio to the degree of eventual 
damage caused by tlie dust.” Gardner believes that intimate contact 
between silicious dust and connective tissues eventually leads to 
proliferation of the latter. Against this contention we have the well- 
known fact stressed by numerous authors that large amounts of par- 
ticulate silica may apparently remain for years in the human lung 
without provoking any appreciable reaction. 

Of recent years many investigators have sAVung to the view that silica 
undergoes a slow dissolution in the tissues, thereby liberating a toxic 
substance which by its injurious effect upon reticular cells stimulates 
them into excessive, reparative proliferation. The work of Gye and 
Kettle has perhaps done most to promote this AieAv; they first demon- 
strated the toxicity of soluble silica, then observed tliat powdered 
quartz produced the same effect but required a longer time; they 
presumed that in the interval part of the quartz had gone into solution. 
The reviewer (Belt, 1929) thought to have adduced evidence of the 
slow solution of silicious particles in the human lung, but has since 
come to question the validity of his earlier deductions. Working on 
the hypothesis that silica is soluble in the tissues, Heffernan has elabo- 
rated physicochemical theories to explain the injurious effect. But it 
may safely be said that the solubility of silica in the tissues has not yet 
been satisfactorily demonstrated (Gardner, 1932). 

Perhaps the most deleterious modus opcrandi of dust is its action as a 
carrier or vehicle for pathogenic organisms, facilitating their entrance into 
the lungs (Landis, 1919), for the role of secondary infection is coming to 
be regarded as of greater importance than the role of dust per sc in the 
production of pneumonoconiosis (Irvine ci al., 1930; Kettle, 1934). 
Mavrogordato (1926) makes the significant statement that the dust 
concentration may be an adequate measure of risk of pneumonoconiosis 
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when dust concentration is high, but it is not so adequate^ when dust 
concentration is low, as it is nowadays in most industries, for the 
factor of tuberculosis may be dominating the situation. 

Haldane (1913), Mavrogordato (1922), Carleton (1923) and Haynes 
(1931) have assembled evidence that certain relatively innocuous dusts 
may forestall the evil effects of more harmful dusts if inhaled at the same 
time. For a discussion of this moot question tire reader is referred to 
Kettle {Brit. Med. J., 1932). 

Factors Contributing to the Development of Pneumonoconiosis. 
The integrity of the upper air passages and the efficiency with which 
inhaled dust is filtered out before reaching the lungs is of great impor- 
tance. Mouth breathers tend to develop pneumonoconiosis more 
rapidly than those who breathe through their noses (Watt et al., 1916). 
Since pneumonoconiosis is primarily a disease of the pulmonary lym- 
phatic apparatus, it follows that any pree-dsting disorder of this 
apparatus predisposes to a more rapid development of the condition, 
given adequate exposure to dust. Gardner (1924) states that a subject 
whose pulmonary drainage is already impaired by chronic or healed 
tuberculosis of the tracheobronchial glands should develop silicosis 
more rapidly than one whose nodes are normal. Lanza (1933), while 
refusing to believe that individual susceptibility plays any appreciable 
part in the etiology of silicosis in otherwise normal individuals, stresses 
the importance of preexisting lung disease, especially tuberculosis and 
incipient pneumonoconiosis other than silicosis, as the factor which 
tends to hasten and aggravate silicosis. Age is also a factor; according 
to the Picher studies (quoted by Lanza, 1933), those who started 
mining after 40 years of age had an average of only 7.83 years of em- 
ployment. Lanza also states that Wassermann-positive individuals 
develop silicosis more rapidly than the Wassermann-negative group 
and their disease runs a more rapid course. 

Duration and Progress of the Severe Pneumonoconioses. Pneu- 
monoconiosis is generally regarded as a disease characterized by extreme 
chronicity. Most authors are agreed that it takes from 4 to 20 years’ 
e.xposure to relatively heavy concentrations of dust; and that even 
longer exposure may fail to produce the disease. South African 
experience shows that, in the case of those affected, the mean duration 
of exposure before the disease is detected is about 12 years (Mavrogor- 
dato, 1930); that the average expectancj’^ of life of a case of silicosis 
when first detected is 13.66 years; and that the average duration of 
the second stage is 7 years (Irvine, Strachan and Simson, 1930). There 
is great variation in progress from case to case, but in the majority the 
disease tends sooner or later to advance and continue to do so even 
after the victim ceases his dusty occupation. 

A few examples have occurred of a rapidly progressive pneumono- 
coniosis which have been regarded and recorded as cases of acute 
silicosis (MacDonald, Piggot and Gilder, 1930; Chapman, 1932; Kilgore, 
1932); but cases of this kind which have come to autopsy have proved 
to be instances of acute tuberculosis enhanced no doubt by the silica 
present (Kettle, 1932; Gardner, 1933). Gardner (1933) made a 
pathologic examination of 15 such cases and concluded: “Although 
there is histological evidence of silicosis, atypical in character, it seems 
doubtful whether there is justification for describing the process as 
acute.” 
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It will be remembered that the majority of cases are considered to 
be infective from the beginning (see page 431), and Strachan and Simson 
(1930) express a generally accepted dictum when they say “All sili- 
cotics, if they live long enough, die of tuberculosis!” 

Pneumonoc'oniotic Tuberculosis. ‘ The combination of pneumono- 
coniosis and tuberculosis does not necessarily imply an acute and 
dramatic pulmonary tuberculosis (Kettle, 1934). The “infective” 
silicosis of South Africa is a slowly pi-ogressive lesion in which necrosis 
and fibrosis proceed hand in hand with a preponderance of the latter 
(Irving et al., 1930). Landis (1919) says that tuberculosis commonly 
runs a latent and more prolonged course in silicotics than in ordinary 
hospital patients, and Collis in his comprehensive review (1915) men- 
tions that some authorities claim tuberculosis, when implanted on 
silicosis, progresses more slowly than ordinary tuberculosis, though 
he himself was of the opposite opinion. Gardner (1924) found 
that the course of a primary inhalation infection with virulent tubercle 
bacilli (in guinea pigs) becomes more chronic as a result of subsequent 
inhalation of granite and carborundum dust; the death of the animal 
is postponed and the pulmonary lesions are characterized by fibrosis. 
There can be no doubt, however, tliat when the silicotic becomes an 
overt, clinical case of tuberculosis it means that the infection has gained 
the upper hand, and the expectancy of life is then quite short. 

All authorities agree that tuberculosis as a complication of pneumo- 
noconiosis runs an atypical course and is much more difficult of clinical 
detection than ordinary, non-occupational tuberculosis. Thus, the 
pneumonoconiotic modification of the disease commonly occurs at a 
later age period than is usual, that is, in middle or advanced life, and 
in persons who generally have no constitutional or hereditary predispo- 
sition; the sputum is not so copious nor as likely to contain tubercle 
bacilli; hemoptysis is rare; fever and nightsweats are usually absent; 
emaciation is little in e^^dence and the localization of pulmonary lesions 
is seldom apical (Collis, 1915). 

Similarly, the pathologic picture differs materially from that of 
uncomplicated tuberculosis. The coniophthisic lung is typically dry, 
dusty and fibrotic, often with little or no evidence of caseation or the 
usual cellular reactions of tuberculosis. It is a pathologic process which 
runs to an unusual degree of fibroid healing and at tlie same time to 
an unusually wide dissemination. While this is the classical picture, 
it must be remembered that pneumonoconiotic tuberculosis, like ordi- 
nary pulmonary tuberculosis, is a protean disease capable of wide 
^’ariations in its anatomic manifestations. 

Pneumonia as a Complication of Pneumonoconiosis. Acute respi- 
ratory infection is a common sequel to dust inhalation. Collis (1915) 
points out “the excessive mortality from pneumonia occurs at those 
earlier age periods which represent initial exposure.” If and when 
infection of the pneumonoconiotic lung takes place, the individual is 
at a distinct disadvantage, for the blocked lymphatics prejudice the 
lung’s ability to deal with infection (Mavrogordato, 1922). Strachan 
(1930) states that in cases with prolonged exposure to mine dust, though 
the specific lesions of silicosis may not yet have developed, an acute 
pulmonary infection, such as lobar pneumonia, is often followed by 
non-resolution, organization and fibrosis. Haythorn (1918) has shown 
that a simple pneumonoconiosis of anthracotic type has a very unfavor- 
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ciblc influence on tiie course of un Attack of pneumonia, impeding 
resolution and leading to serious complications. 

Factors Relating to the Tuberculous Affinity of the Dusty Lung. 
An excessive incidence of tuberculosis in relation to pneumonoconiosis 
might be expected on the following grounds They are both inhalation 
diseases; they have a common portal of entry and a common predilec- 
tion to localize and spread in the pulmonary lymphatic apparatus 
(Shattock, 1914); both are dealt with by the same protective mech- 
anism, namely, the dust phagocyte (Gardner, 1924). Dust particles 
act as carriers, facilitating the entrance of the ubiquitous tubercle 
bacillus into the lung (Landis, 1919). People exposed to dust hazards 
frequently work under wet conditions which favor the survival and 
transference of infective organisms (Mavrogordato, 1926; Beattie, 1912). 
People exposed to dust hazards are also frequently exposed to a greater 
risk of infection because of open cases of tuberculosis among their 
fellow workmen (Mavrogordato, 1926). A large proportion of persons 
exposed to dust hazards work underground where the survival and dis- 
semination of pathogenic organisms is facilitated because of moisture 
and warmth and the absence of sunlight (Landis, 1919). Cesa-Bianchi 
(1913) caused guinea pigs to inhale various factory dusts, including 
talc, coal dust, cement and sand, then infected the animals with a 
strain of tubercle bacilli of low virulence; all his dusted animals, regard- 
less of the tjq)e of dust used, died of pulmonary tuberculosis, wliile the 
controls were unaffected. 

Gye and Kettle (1922) demonstrated that silica-soaked necrotic 
tissue was a medium favorable to the growth of tubercle bacilli in vivo. 
Kettle (1932) produced subcutaneous lesions with silica, shale, clay 
and asbestos dusts, then showed that tubercle bacilli injected intra- 
venously localized and multiplied inordinately in these lesions while the 
presence in the tissues of carborundum, wellingtonite, iron oxid, catbon, 
coal, marble, silica-free mine dust and iron-coated silica was apparently 
a matter of indifference to the organisms. Price (1931) found sodium 
silicate definitely accelerated the growth of tubercle bacilli in vitro. 

Gardner (1924) found that a previous exposure of animals to more 
or less prolonged inhalation of granite, carborundum and marble dusts 
rendered the lungs more susceptible to subsequent infection with the 
tubercle bacillus. He regarded this effect as due to obstruction of the 
pulmonary lymphatics. Of even greater significance as regards its 
application to the problem of human coniotuberculosis was Gardner’s 
later work (1929), in whieh he tested the effects of various dusts on 
partially healed tuberculous lesions in guinea pigs’ and rabbits’ lungs; 
these experiments demonstrated that 73.6% of quartz-dusted, 31.8% 
of carborundum-dusted and 26.3% of granite-dusted animals showed 
marked reactivation of their tuberculous lesions, while most of the 
control animals and those dusted with marble and soft coal went on to 
complete healing. On tlie basis of these results Gardner thinks it 
likely that in the majority of cases coniotuberculosis represents an 
endogenous reinfection resulting from the reactivation (by silicious 
dust) of old,^ qmescent lesions so commonly present in the average, 
white, adult individual. 

llillis (1922) found that experimental tuberculosis developed some- 
what more extensively in the lungs of animals previously ex-posed to 
coal dust than in those of normal animals. 
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iS'Iavrogordato (1926) showed that guinea pigs and rats which had 
inhaled mine dust were prone to develop pulmonary tuberculosis 
following intraperitoneal inoculation with tubercle bacilli, u'hereas con- 
trol animals Avere not similarly affected by such an inoculation. Coal 
dust inhalations did not protect guinea pigs from developing pulmonary 
tuberculosis after intraperitoneal inoculation of tubercle bacilli. As 
regards coal dust, tlie results of Cesa-Bianchi, Willis and Ma^u-ogordato 
are at variance Avitli those of Wainright and Nichols (1905), in Avhose 
hands this tj^e of dust protected rabbits’ lungs from the ravages of 
tuberculosis. 

There is more or less general agreement that coalminers suffer less 
from tuberculosis than the average of occupied males. The experi- 
mental work of Cummins and Weatherall (1931) would provide some 
explanation of this finding in that they Avere able to shoAv that anthracite 
coal dust has the poAver of adsorbing the actiA'e principle of tuberculin. 

The Diagnosis of Pneumonoconiosis. It is perhaps illustratiA^e of 
the difficulty often encountered in establishing the presence of pneu- 
monoconiosis tliat practically all aa'Iio have to do Avith the diagnosis of 
the condition emphasize the importance of taking into account all 
aA’ailable information concerning a case before an opinion is expressed. 
In many instances an accurate diagnosis may be arrived at during 
life from a consideration of the occupational history, the physical and 
roentgenologic findings. And after death a naked-eye examination of 
the lungs Avill often suffice to establish the case. Pathologists in the 
South African mining fields contend that in cases Avhich come to 
autopsy it is possible to giA^e a definite opinion regarding the degree of 
silicosis present from the appearances found in the macroscopic speci- 
men alone; in fact, it is only rarely that resort is had to microscopic 
analysis (Strachan and Simson, 1930). But in Europe and America 
such ‘confirmatory eAudence as may be obtainable from laboratory 
inA^estigations is often required for compensation purposes. 

One SAvalloAv does not make a summer, no more than one nodule 
will make a case of silicosis. There must be Ausible and palpable 
fibrosis, and the lesions must be present in such numbers that, on the 
average, at least one aauH appear in each 5 cm. squared of the divided 
lung substance (Watkins-Pitchford, 1927). 

The greatest difficulty encountered by the pathologist is to assess 
the role of dust in complicated cases, especially those in Avhich there is 
much fibrosis, part or all of AA'hich may be due to causes other than 
dust. The changes characteristic of the early phases of pneumono- 
coniosis should not be OA'erlooked in arriAung at a diagnosis. Choking 
and thickening of the pulmonary lymphatics by dust particles is a 
necessary preliminary to the more adA'^anced lesions (MaATOgordato, 
1922) and proAudes an easily recognizable criterion of the presence of 
pneumonoconiosis, yet sometimes it seems to be OA^erlooked in the 
pathologic analysis of certain complicated cases, and often enough more 
importance is attached to the chemical assay of the tissue than to the 
condition of the lymphatics. It is hardly to be expected that dust 
could be accountable for extensiA'-e changes in the parenchyma of the 
lung if it has not yet produced the lymphatic choking AA'hich is recog- 
nized to be its initial effect. There is perhaps too great a -tendency 
to regard lung fibrosis by and large as a specific effect of dust. Fibrosis 
is essentially a non-specific change and may be called forth in the lung 
by any number of different agencies, but especially by organizing 
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pneumonia, chronic interstitial pneumonia (Lauche, 1928) and tuber- 
culosis. Gardner (1932) believes chronic pneumonias to be quite 
common in man as well as animals, and Mavrogordato (1926) and 
Strachan and Simson (1930) have stressed the frequency with which 
this condition complicates pneumonoconiosis. Kettle (1934) has shown 
very convincingly how closely the lesions of pneumonoconiosis may be 
simulated by non-occupational fibroid phthisis. 

Thus, when ordinar5'^ histologic methods of analysis fail to make the 
necessary distinctions, recourse is had to methods of demonstrating 
the amount and character of foreign particulate matter present in the 
lesions in question. 

The polarizing microscope is a useful adjunct for demonstrating 
birefringent mineral particles in histologic preparations. It is fre- 
quently possible to gain a rough idea of the amount and distribution of 
silicious particles, and thereby to establish the presence of a dust 
factor by this means alone. The advantages and limitations of the 
instrument are set out by Watkins-Pitchford and Moir (1916) and 
Belt (1929). 

More accurate estimations of the dust content of the lung tissue may 
be obtained by chemical assay of the “total silica” present. As has 
been pointed out elsewhere, “total silica” is' simply an expression of 
the amount of the element silicon and gives no indication as to what 
form of silicon compound or compounds were present. But since most 
of the harmful dusts are either oxids of silicon or silicates, the “total 
silica” is a serviceable index of the dust factor in a given specimen of 
diseased tissue. The “total silica” content of normal lung varies from 
0 up to 0.2% of the dry weight (King, 1928). Figures in excess of 
the normal range may, therefore, be taken to indicate dust disease 
(Sladden, 1933; McNally, 1933; Kettle and Archer, 1934), but will not 
aid in distinguishing between silicosis and silicatosis. 

There is one possible fallacy AA'orthy of mention in the interpretation 
of “ total silica ” assays. Woskressensky (1898) demonstrated that the 
“total silica” content of normal tracheobronclrial glands increases 
AAith age, from nil in the neAvborn to the surprisingly high proportion 
of 34 to 55% of the ash in elderly indiAuduals. This is simply the 
result of life-long inhalation of ordinary house and street dusts, AAdiich 
are partly constituted by clay and sand particles. Confirmation of 
Woskressensky's early obsei'A'ations aauII shortly be published by Belt 
and King. Thus all ordinary adults have a silicosis or a silicatosis 
as Avell as an anthracosis of the tracheobronchial lymph glands and to 
some e.xtent of the pleura as aa’cII. In the ordinary course of CA^ents, 
these “ normal ” dust deposits are confined to lymph glands and pleura 
and do not locate in the substance of the lungs. If, hoAA'CA’^er, there are 
scars in the lung parenchyma, as from a childhood tuberculous infec- 
tion, the “normal” dusts aauII collect around such a scar, as AA’itness 
of AAdiich it is obserA-ed that old tuberculous lesions are inA’ariably 
surrounded by a zone of anthracotic pigmentation. Therefore, if peri- 
bronchial glands or disproportionately large areas of pleura or localized 
childhood scars be included, as might easily happen, in the block of 
suspected lung submitted for chemical assay, the resulting “total 
siHca ’ estimation aaoII likely include considerable quantities of “normal ” 
silicious dust, and a high percentage of “total silica” in the ash may, 
thei’efore, be misinterpreted as indicating silicosis or silicatosis. For 
this reason it is neeessary, if reliance is to be placed on chemical'assay 
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as an aid in diagnosis, to submit several blocks of tlie suspected lung, 
and to know from what part of tlie lung each block was taken. 

A third laboratory method of investigating the mineral content of 
tissues is microincineration, described by Policard (1929), Schultz- 
Brauns (1929), Scheid (1932) and others; it is a modification of the 
early technique of Greenhow (1865), and has the advantage of enabling 
a microscopic study of the' physical relationship of dust deposits to the 
tissue changes. It is possible by this means to determine the dust 
content of individual lesions more accurately than by the use of the 
polariscope on ordinary histologic preparations. From an ordinary 
paraffin block of tissue, serial sections 5 ov G n thick are cut in groups 
of 3; of each group, 1 is stained with hematoxylin and eosin in the 
usual way, while the other 2 are mounted unstained on glass slides 
and heated for an hour to 500“ C. in a specially constructed oven. 
The heating drives off all the organic constituents of the tissue section, 
leaving the inorganic and mineral residue lying in situ. One of the 
ashed sections is then treated with concentrated hydrochloric acid, 
which removes calcium, iron and phosphorus compounds, leaving silica 
and silicates as well as a few other substances which occur only in 
traces. Then by comparing tliis slide with the stained section the 
deposits of residue are readily related to tlie histologic detail. This 
procedure will demonstrate prettily the amount of silicious material 
in a given lesion; it does not, however, always serve to distinguish 
infective from non-infective dust lesions {contra Inn’n, 1934) for tuber- 
culous lesions in the coniotic lung, for example, are often heavily strewn 
with silicious particles (Gardner, 1920; Belt, 1929). By microincinera- 
tion it is possible to exclude silicious dust as the cause of certain lesions, 
for if there is any silicious material present in a lesion, microincineration 
is sure to demqnstrate it, and in the absence of any such material the 
lesion must obviously owe its existence to some other agencj\ Micro- 
incineration is also of assistance in judging whether infective lesions 
are antecedent to or coincidental with dust exposure. If, in a conio- 
phthisic lung, it can be shown that foreign particulate matter is 
scattered through tuberculous lesions, then the case may be regarded 
as one of coniotuberculosis; but if, on the other hand, tuberculous 
lesions or fibroid lesions without evidence of active tuberculosis are 
shown to contain no foreign particulate matter, then such lesions are 
to be regarded as belonging to a process which antedated the dust 
exposure; for it has been established that any infective lesion of the 
lung, tuberculous or otherwise, which develops during the course of or 
following dust exposure will contain appreciable quantities of the dust, 
because dust-laden phagocytes take an active part in any superimposed 
inflammatory reaction (Gardner, 1920). 

Summary and Conclusions. From a re-\flew of the present knowledge 
of pneumonoconiosis it may be concluded : 

1. There is no conclusive evidence to show that silica has a specific 
action on the tissues. 

2. Certain of the silicates and perhaps otlier substances may produce 
similar if not identical effects. 

3. Infection, and especially tuberculous infection, is a more serious 
factor in the development of the disabling pneumonoconioses than dust 
-per sc. 

4. Dust modifies pulmonary tuberculosis in a twofold manner; it 



PATHOLOGY AND BACTERIOLOGY 


435 


increases the fibrous response, thus promoting chronicity, and at the 
same time it increases the tendency of the infection to spread. 

5. The so-called “silicotic nodule” has probably never been repro- 
duced experimentally except by the synchronous inoculation of tubercle 
bacilli with dust. 

6. The “silicotic nodule” is probably always a tuberculous lesion, 
modified by dust. 

7. Chemical assay of suspected tissues is open to the criticism that 
it does not reveal the proportion of silica to silicates. 

8. There is probably no such thing as acute silicosis. 

9. Evidence regarding the action of coal dust on the tissues and its 
influence on tuberculous infection is conflicting. 

T. H. B. 
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NEWER ASPECTS OF TYPHUS FEVER. 

Typhus and t.vphiis-like diseases have in recent years attracted 
considerable attention in various parts of the Avorld, and out of the 
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studies that have been prosecuted there has developed a new orienta- 
tion on the subject, largely as a result of the work of American observers. 
The study of tire infection in the United States has been of particular 
interest. The evidence indicates that tj^rhus is quite prevalent in 
some of the states bordering the Gulf of Mexico and in those of the 
Soutlr Atlantic group — in other words, from Texas to Marjdand, with 
scattered cases along the remainder of the Atlantic Seaboard. For 
many years the knoAvledge of the transmission of typhus — based on 
observations made in the Old World — had been regarded as quite 
satisfactory. It was regarded as an infection of man, always derived 
from man through the bod}'’ louse, the louse ha^^ng fed on and ha^^ng 
been infected from another case of the disease. Some 10 years ago, 
to be sure, Maxcy cast some doubt on the \dews of transmission tlien 
held by pointing out differences in epidemiology between tjqDhus as 
known in Europe and typhus as it occurs in tlie southern United States. 
Briefly, he showed that t}q)hus in the United States was a summer 
and fall disease as against its prevalence in vdnter and spring in Europe, 
that it apparently never spread from person to person, that it was not 
particularly prevalent in institutions — indeed, that institutions had a 
noteworthy immunity — and, finally, tliat the victims rarel}', or never, 
presented evidence of infestation -with body lice. Witliin the past 
3 years. Dyer and liis associates, of the United States Public Health 
Service, and Mooser and his associates, in Mexico, have studied the 
subject intensively from the point of view of transmission and present 
an explanation of the facts observed by Maxcy and others that involves 
an entirely new conception of the mode of transmission. In these 
studies, suspicion was attracted first to rat fleas and to the rat, since 
it had been observed that in endemic foci of the disease rat-infested 
premises often were associated with the development of tjqDhus infec- 
tion. Laboratory examination of rats and rat fleas taken from such 
premises actually showed the presence of the typhus ^'irus. The 
connecting link between tire typhus-infected rat and man is apparently 
the flea {Xenopsylla chcopis), Avliich it so happens is also the carrier of 
tlie bubonic type of plague. 

Flea transmission was proven by the rat-to-rat transfer of infection 
by means of tlie flea. Not only do these studies offer an explanation 
of the observed facts in relation to typhus as it occurs cndcviically in 
the United States and in other parts of the world, but they justify 
an entirely new hypothesis to account for tlie prevalence of epidemic 
typhus. Briefly, tliis ^'iew is tliat in many communities typhus lies 
relatively dormant as an infection among rodents, propagated among 
them by fleas, and is communicated occasionally to man tlirough the 
same parasite. If tliis transfer of the infection to man should occur 
in a louse-infested population, and other conditions are favorable, the 
disease then may spread among tlie human population as a louse-borne 
infection. This explanation seems to meet the faets vdtli respect to 
epidemic tj'phus. 

It is obvious that if ’tlie views referred to above are sound (and 
there are many reasons for believing that tliey are) our efforts to combat 
typhus— liitherto directed entirely against human body lice— must take 
account of the rat and liis parasites. 

Rickettsife, constantly associated -noth the disease in animals and in 
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lice, are also present in typhus-infected fleas. These bodies, or bodies 
indistinguishable from them, have been propagated in tissue cultures, 
although they have resisted efforts at cultivation in artificial media. 
The recent immunologic studies of Zinsser have furnished additional 
evidence of their etiologic significance. 

The clinical aspects of typhus as it occurs in the United States are 
of special interest, since cases are often overlooked. The onset is usu- 
ally sudden, wth chill and fever, aching pains and often mth pro- 
nounced, persistent headache. The fever lasts about 14 days, defer- 
vescence usually taking place by rapid lysis. On about the fifth day 
a rash appears which may be scanty or abundant and which usually 
develops first over the lower ribs or upper abdomen. It consists of 
small discrete red macules, not shotted and not itching. In severe cases 
it may spread to practically the whole of the cutaneous surface, but 
usually spares the hands and feet. The face and neck are seldom 
involved. The rash usually begins to fade 4 or 5 days after its 
appearance. 

An important aid in diagnosis is derived from serologic investigation, 
since the blood serum in this disease almost invariably shows a positive 
reaction with the well-known strain of B. proteus in general use for the 
diagnosis of members of the typhus group of infections. This sero- 
logic test, of great value though it is, does not serve to differentiate 
the condition from spotted fever of the Rocky Mountain type, and 
possibly other closely associated diseases of the same type. 

The prognosis of tj^^hus as it occurs in the United States is, in 
general, very good. The death rate certainly is not more than 1 or 
2 %. _ _ _ . 

Treatment appears to be symptomatic, with special emphasis laid 
on the giving of adequate amounts of fluid and the maintenance of 
general nutrition. Convalescence usually is fairly prompt. 

G. W. McC. 
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THE MECHANISM OF THE INCREASED FRAGILITY OF THE 

ERYTHROCYTES IN CONGENITAL HEMOLYTIC JAUNDICE. 

By Russell L. Haden, M.D., 

CHIEF OF THE MEDICAL DIVISION, CLEVELAND CLINIC, 

CLEVELAND, OHIO. 

Congenital hemolytic icterus is characterized clinically by 
anemia, non-obstructive jaundice and enlargement of the spleen. 
The erythrocytes show constant microcytosis (small diameter), an 
increase in reticulocytes and a decreased resistance to hypotonic 
salt solutions. The anemia is caused by the increased blood 
destruction resulting from the abnormal fragility of the red cells, 
the jaundice is due to the rapid formation of bile pigments from 
the released hemoglobin beyond the excretory capacity of the 
liver; the spleen is enlarged because of the great increase in its 
phagocytic activity; the reticulocytosis is an expression of the over- 
stimulation of the bone marrow in attempting to compensate for 
the rapid destruction of erythrocytes. The anemia, the jaundice, 
the splenomegaly and the reticulocytosis are thus all secondary 
to the increased blood destruction. 

The two characteristic changes in the erythrocyte, microcytosis 
and increased fragility, have been noted by all careful students of 
the disease, although there is no unanimity of Opinion concerning 
the cause and the interrelation of these two findings. The observa- 
tion of microcytosis has usually been based on finding a decrease in 
the mean cell diameter on measurement or the obmous smallness 
of the cells on examination of a stained blood film. Little attention 
has been given to the actual volume of the cell, since very few meas- 
urements of the mean corpuscular Amlume and thickness have been 
made. 
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Naegeli^ found in 11 patients a mean corpuscular volume of 
100 cubic microns (his normal, 88 cubic microns), von Boros,- a mean 
of 85 in 8 cases (his normal, 91), and Gansslen,'’ a volume of 92, 
95 and 111 cubic microns in 3 cases. The diameter of the mean 
cell is decreased out of proportion to the change in volume, so it is 
apparent that the thickness of the cell must be increased, and the 
cell must tend to a spherical instead of biconcave shape. Naegeli^ 
thinlts that the presence of erytlnrocytes of decreased diameter and 
increased thickness is a constant and fundamental variation from 
normal in patients with congenital hemolytic icterus, representing 
the inherited feature of the disease and indicating a distinct tj^ie 
of human species. Such cells he designates spherocytes to denote 
their characteristic globular form and as synonyms for congenital 
hemolytic anemia he uses the terms, “spherocyte anemia” and 
“globe-cell anemia.” 

Other observers have said little about the increased thickness of 
the erythrocyte and offer varying explanations for the microcytosis. 
Chauffard,^ who &st noted this type of cell, regarded tlie small 
size as well as the increased fragility as an expression of the lessened 
vitality of the cells. Meulengracht® is inclined to the view that 
the microcytosis and increased fragility are regeneration phenomena 
secondary to the increased bone-marrow acti\aty. Von Boros“ 
finds thick microcytes in conditions other than congenital hemolytic 
jaimdice, and hence does not regard them as characteristic of the 
disease. Gansslen® considers the primary defect in the marrow, 
making it incapable of supplying cells of normal size and resistance. 

"While microcytosis is almost an invariable finding, only Naegeli 
and von Boros have considered the frequency and degree of sphero- 
cytosis. Naegeli records no measurements of cell thiclmess in his 
cases, although he recognized this as increased. Von Boros® gives 
a line chart for calculating cell thickness from the measured diam- 
eter and corpuscular volume and also evolves a formula for calcu- 
lating the volume of the mean cell from the measured mean diameter 
when changes in the diameter and thiclcness are proportional and 
parallel. To indicate the degree of change in thickness he suggests 
a “thickness index” which is calculated by di^dding the mean 
corpuscular volume (as determined directly from the red cell count 
and the hematocrit reading) by the mean corpuscular volume (as 
calculated by his formula from the measured mean diametei’) when 
the decrease in thickness is proportional to the decrease in diameter. 
Since this index records not only the thickness relative to normal 
but considers the volume as well, it is best called the “volume- 
thickness index.” The rather laborious calculation of this index by 
the method of von Boros may be simplified by using a nomogram^ 
in which the volume index (volume of the mean cell relative to 
normal) corresponding to any mean cell diameter is indicated. 
Thus, from the nomogram the volume index corresponding to a mean 
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cell diameter of 6.41 microns is 0.581 if the thickness is decreased 
in the same proportion as the diameter. This figure multiplied by 
90, the normal mean corpuscular volume in_my series, gives a cal- 
culated mean corpuscular volume of 52 cubic microns for a mean 
cell diameter of 6.41 microns. The measured mean corpuscular vol- 
ume in this instance was 78 cubic microns. The volume-thickness 
index (V.-T. I.) is then 78/52 = 1.50. Von Boros calculated this 
index in 8 patients with congenital hemolytic icterus and found it 
increased in 4 and within normal limits in 4. 

To determine the frequency and degree of spherocytosis in my 
series of cases of congenital hemolytic jaundice, I have measured 
the mean corpuscular volume, the mean cell diameter and calcu- 
lated the volume-thickness index in 10 patients with an active 
form of the disease and in 2 patients after splenectomy (Table 1). 


Table 1. — Size and Shape of Erythrocytes in Congenital Hemolytic Jaundice. 


c 

.S 

C5 

Diagnosis. 

Measured ir ean eryth- 
rocyte volume (A), 
cubic microns. 

Measured diameter, 
microns. 

Calculated thickness, 
microns. 

Calculated mean eryth- 
rocyte volume from 
meaBured diameter 
(C), cubic microns 

Volume-thicknesa 
index, A/C. 

1 

Normal 

1 

90 

7.70 

1.95 

90 

1.00 

2 

Congenital hemolytic jaundice 

100 

6.41 

4.75 

52 

3.10 

3 

Congenital hemolytic jaundice 

77 

6.40 

2.40 

52 

1.50 

* 


78 

6.07 

2.25 

59 1 

1.32 

4 

Congenital hemolytic jaundice 

90 

0.18 

3.00 

47 

1.92 

5t 

Congenital hemolytic jaundice 

87 

6.65 

2.60 1 

55 j 

1.60 

0 

Congenital hemolytic jaundice 

110 

6.50 

3.30 I 

54 1 

2.00 

7 

Congenital hemolytic jaundice 

87 

6.94 

2.30 

66 

1.35 

8 

Congenital hemolytic jaundice 

90 

7.05 

2.30 

08 

1.32 

9 

Congenital hemolytic jaundice 

80 

7.18 

2.18 

70 

1.23 

10 

Congenital hemolytic jaundice 

108 

7.41 

2.50 

79 

1.36 

11 

Congenital hemolytic jaundice 

102 

7.18 

2.62 

70 

1.45 

12 

Congenital hemolytic jaundice 

72 

0 10 

2.75 

45 

1.60 

13 

Obstructive jaundice 

93 

8.17 

1.80 

105 

0.89 

14 

Obstructive jaundice 

91 

8.57 

1.60 

126 

0.73 

15 

Pernicious anemia 

130 

8.84 

2.10 

140 

0.93 

10 

Pernicious anemia 

135 

8.89 

2.20 

141 j 

0.90 

17 

Idiopathic microcytic anemia 

03 

7.07 

l.CO 1 

70 1 

0.90 

IS 

Idiopathic microcytic anemia 

59 

0.68 

1.70 

59 

1.00 


* Same patient 3 months after splenectomy, 
t Six years after splenectomy. 

In every instance the mean cell diameter is decreased and the 
volume-thickness index is increased, although the mean corpuscular 
volume is variable. In simple microcytic anemia and pernicious 
anemia the index is normal; in obstructive jaundice it is decreased, 
since the mean diameter is usually increased without a correspond- 



444 


haden: congenital hemolytic jaundice 


ing increase in mean corpuscular volume. The characteristic find- 
ings are best illustrated by a diagram showing a cross-section -voew 
of the mean cell in these different clinical conditions (Fig. 1). In 
2 patients studied after splenectomy the microcytosis and increased 
volume-thickness index have persisted, although the jaundice and 
anemia have disappeared. 



Fig. 1. — Cross-section and measurements of mean erytlirocyte in different clinical 

conditions. 


It seems apparent from my results that Naegeli’s conception of 
microspherocj'tosis as the fundamental and probably constant in- 
born error in this disease seems the correct one. This abnormal 
shape of the red cell evidently represents an anatomic variation 
from normal, just as do the tower skull and other physical abnor- 
malities frequently observed in congenital hemolytic jaundice. It 
is also apparent that the determination of the volume-thickness 
index is a most valuable procedure in the diagnostic study of 
doubtful cases of congenital hemoljdic jaundice, since the index is 
constantly increased here and rarely, if ever, in -other confusing 
clinical conditions. The persistence of microspherocytosis after 
splenectomy is of importance also in evaluating this variation from 
normal in the shape of the cell as the primary feature of the disease. 

Althovigh the microspherocytosis and the increased fragility are 
constant and the only fundamental features in the disease, no one 
has proved a direct relationship between these two phenomena. 
Naegeli^ regards both as constitutional and caused by the funda- 
mentally different cell structure; Gansslen® thinlcs both are e^d- 
dence of a primary defect in the bone marrow, and suggests that 
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tlic microsplicrocytss by I'c&sou of their incre&sed. tliickness cibsoib 
water more readily from a hypotonic solution. Von Boros points 
out, however, that the capacity for absorption is less, instead of 
more, since such cells have a small surface in relation to volume. 
Meu/engracht^ has discussed the parallelism of the two findings, 
but concludes there is no relation between them. I have made 
some experiments which indicate that the increased fragility^ is 
dependent on the spherocytosis or altered shape of the cells which 
affords a possible explanation for the increased hemolysis charac- 
teristic of the disease. 

In the lower animals the volume and diameter of the erythrocytes 
varies greatly, while the thickness is much the same. Emmons’® 
measurements of all dimensions of the red cell in the dog, rabbit, 
cat and goat, and Vallery-Radot’si® determination of the resistance 
of the red cells to hypotonic salt solutions for the same group of 
animals, are summarized in Table 2 and shown graphically in cross- 
section in Fig. 2. As the cell changes toward a globular shape in 
different species, the resistance of the cells to hypotonic saline 
solution decreases in almost direct proportion, so there seems a 
definite relation between the tendency to spherocytosis and increased 
fragility in lower animals. 


Table 2.— Relation of Size and Shape of Erythkocytes to Resistance to 

Hypotonic Solutions.* 


1 

Diameter. 

! 

Thickness. 

Volume. 

Relation of 
thickneas to 
diameter. 

Resistance, 
% NnCI. 

Man . . ... 

1 7.8 

1.84 

88 

1 

:4.2 

0.42-0.48 

Dog ... 

I 7.2 

1.70 

69 

1 

: 4.2 

0.50-0.54 

Rabbit 

0.6 

1.84 

63 

1 

: 3.6 

0.52-0.54 

Cat 

5.6 

1.75 

43 

1 

: 3.2 

0.60-0.66 

Goat . 

4.0 

1.95 

25 

1 

: 2.1 

0.72-0.74 


* Measurements from W. F. Emmons;’ fragility tests from Vallery-Radot.i’ 


To obtain further information on this point I have determined 
the shape of the red cell of man when placed in hjqjotonic salt 
solutions. Heparinized blood was pipetted in aliquot amounts into 
a series of graduated centrifuge tubes, quickly centrifugalized and 
distilled water in varying amounts was added to the supernatant 
plasma. After thorough mixing, the cells were again suspended 
in the diluted plasma, the tubes allowed to stand for 1 hour, films 
made on cover glasses from the diluted blood and tubes again were 
centrifugalized to determine the changes in volume of the cells. 
A red cell count was done and the mean corpuscular volume for 
each dilution was calculated. The tube in which hemolysis began 
was noted. The mean cell diameter in each tube was determined 
by measuring 200 cells on the stained film and the thickness cal- 
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Microns 

Fig. 2. — Cross-sections and measurements of the moan in different animals in relation 

to fragility. 



Microns 


Fig. 3.— Changes in the shape and measurements of the mean erythrocyte of 
normal blood on the addit on of varjung amounts (Table 3) of distilled water to 
the plasma. 
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culated from von Boros’ chart. The progressive change in shape 
in the cells of normal blood so treated is shown in Fig. 3. The 
changes in diameter are slight, while the variation in volume 
is slight, so the cells become thicker and globular. At a certain 
point hemolysis begins. Hamburger^^ found long ago that the 
erythrocytes of the horse and dog decrease in diameter as the 
plasma is diluted with distilled water, and pointed out that the 
cells so treated become globular. PondeF^ found a similar decrease 
in the diameter of the cells of man in hypotonic salt solution. 
Pi jper,^^ on the contrary, reports an increased diameter in hypotonic 
solutions. I can find on record no measurement of the volume and 
thickness of the erythrocytes of man in relation to diameter when 
placed in hypotonic salt solutions. 

Since the characteristic variation of the erythrocyte from normal 
in congenital hemolytic jaundice is a decreased diameter with 
increased thickness, it is apparent that much less dilution of the 
■plasma in which such cells are suspended should be necessarj'’ to 
bring them to the shape at which hemolj'sis takes place. For, at 
the beginning, the shape of the cells already corresponds to one of 
the stages through which a normal blood must pass when placed 
in successive dilutions of plasma. The experiment made with 
normal blood was repeated with blood from a mild and from a 
severe case of congenital hemolytic jaundice (Table 3 and Fig. 4). 


Table 3. — Size and Shape op Erythhocytes on Addition of Distilled Water 

TO Plasma. 


Patient. 

Tube No. (5 cc. blood 
in each tube). 

Diatilled water added, 
cc. 

Measured mean vol. 
of erythrocyte (A), 
cubic microns. 

Pleasured diameter, 
microns. 

Calculated thickness, 
microns. 

Calculated mean eryth- 
rocyte volume from 
measured diameter 
(C), microns. 

0} 

S 

o . 
■SO 

A ><r 

e to 

h 

f> 

Hemolysis. j 



1 

0 

86 

7.6 

1.90 

86 

1.00 

0 



2 

1 

98 

7.4 

2.30 

79 

1.24 

0 

Normal 


3 

2 

110 

7.7 

2.35 

89 

1.24 

0 



4 

3 

129 

7.2 

3.15 

73 

1.77 

0 



5 

4 

141 

7.3 

3.40 

76 

1.86 

+ 



1 

0 

87 

7.2 

2.20 

73 

1.19 

0 

Mild congenital hemo- 


2 

1 

99 

7.0 

2.60 

68 

1.46 

0 

lytic jaundice 


3 

2 

124 

7.0 

3.30 

68 

1.81 

0 



4 

3 

137 

6.9 

3.50 

65 

2.11 

"l~ 

Severe congenital liemo- 


1 

0 

72 

6.1 

2.75 

45 

1.60 

0 

lytic jaundice . 



1 

86 

6.1 

2.95 

45 

1.91 

0 



3 

2 

100 

6.1 

3.40 

45 

2.22 



The amount of dilution necessary to produce hemolysis varied 
with the degree of spherocytosis and so depended directly on the 
sliape of the cell. In the severe case with a high volume-thickness 
‘T’ ^ marked tendency to a globular form, ver;\' little 

dilution was possible before hemolysis began. The cells in this 
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. Mild Congenital S«vtn Cen^tal 
NORMAL Htmetytic Jaundkt Htmelytic Jaundice 



Fig. 4. — Changes in the shape and measurements of the mean erj'throcj'te in 
congenital hemoljdic jaundice as contrasted irith the normal erj-throcyte on the 
addition of varying amounts of distilled -water to the plasma (Table .3). 


© Normal 
■ Ffernicious Anemia 
O Obstructive Jaundice 
• Congenital Hemolytic Jaundice 
A Microcytic Anemia 



Rsrcentage of Sodium Chloride Solution 
in which Hemolysis begins 

Fig. 5. — The relationship of the point of initial hemolysis of the erythrocj-tes to the 
volume-thickness index of the mean erythrocjde. 





haden: congenital hemolytic jaundice 


449 


disease may be regarded as nearer the hemolysis point by reason of 
their shape. 

It is apparent from these results that the point at which hemolysis 
begins in hypotonic saline solutions should be predictable from the 
volume-thickness index and likewise the tending to globular form 
from the minimal resistance. I have charted a group of cases of 
congenital hemolytic jaundice in Fig. 5, in comparison with obstruc- 
tive jaundice and other types of anemia. There is a close relation- 
ship between the point of initial hemolysis and the volume-thickness 
index. In obstructive jaimdice the diameter of the mean cell is 
increased (Fig. 1), without change in volume, so the thiclcness and 
volume-thickness index are less than normal. In such a blood the 
resistance is increased. If the diameter and thickness are equally 
increased as in pernicious anemia or equally decreased as in simple 
microcytic anemia (Fig. 1), the volume-thickness index and con- 
sequently the resistance are normal. 

Conclusions. The erythrocytes in congenital hemolytic jaundice 
constantly exhibit spherocytosis, best shown by the increased 
volume-thickness index. 

The diameter of the red cell in this condition is always less than 
normal; the volume is variable. 

“When placed in hypotonic salt solutions, normal erythrocytes 
become progressively more globular with little change in diameter 
as the solution is made more hjqiotonic. 

There is a direct relation between the volume-thickness index and 
the fragility of red cells. 

In congenital hemolytic jaundice, the erythrocytes have at the 
beginning one of the shapes through which a normal cell must 
pass when placed in successive dilutions of hjqiotonic salt solution, 
and so may be regarded as nearer the hemolysis point. 

The one fundamental variation from normal in congenital hemo- 
lytic icterus is the microspherocytosis. The anemia, jaundice, 
splenomegaly, reticulocytosis and increased fragility are all secon- 
dary to the globular form of the erythrocyte. 
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THE VALUE OF THE BLOOD SEDIMENTATION TEST IN THE 
ROUTINE MEDICAL EXAMINATION OF ADOLESCENTS 
AND IN CERTAIN OF THEIR DISEASES. 

By J. Roswell Gallagher, M.D., 

SCHOOL PHYSICIAN, THE HILL SCHOOL, 

POTTSTOWN, PENNA. 


Since the introduction of the blood sedimentation test by 
Fahraeus^ in 1918 its value as an index of the presence of a disease 
process has gradually become more widely appreciated, and its 
part in the routine examination of patients in gjmecologic® and 
tuberculosis^ clinics become generally accepted, but the employment 
of this diagnostic aid is not general in routine health examinations. 
Schattenberg® has advocated its use in public health and preventive 
medicine as an aid in detecting obscure disease and Cutler^ has 
emphasized its use in the practice of general medicine. The yearly 
health examination of school children is certainly a public health 
enterprise which should be encouraged, but the difficulties whieli 
attend such a procedure are obvious; no matter how meticulous 
and competent the examiner, pathologic conditions may easily be 
overlooked. In an effort to eliminate such errors, the tuberculin 
test and Roentgen ray examination of the chest have been added 
by some health officials to the physical examination. As a possible 
further diagnostic aid in the yearly health examination of prepara- 
tory school boys, we began evaluation of the routine use of the blood 
sedimentation test in 1932. It was also employed dming the course 
of certain diseases among those boys, to ascertain what changes 
take place during those illnesses in that age group, and of what 
significance or value the knowledge of sucli ehanges might be. 

Method. Beginning in the fall of 1932, each boy presenting himself for 
his medical examination received a blood sedimentation test. In 1933 about 
f of the examinees were tested both by the Cutler' and the Wintrobe*’ 
method. We have found it convenient and satisfactory to report the read- 
ings of these tests at 5 and 1 hour after they were set up; in somewhat less 
than half the cases, readings were also made at the end of 2 hours and at 
the end of 18 hours. These examinations were made dm-ing the fall term 
of each school year and the boys were under medical supervision during the 
remaming months of those years. In general the group might be presumed 
to be especially healthy since its members were all from homes where 
proper hygiene and medical supervision had always been, available. Our 
opportunity of observing the boys during subsequent months further 
justifies the assumption that these boys were normal. Cutler' has considered 
that the normal rates at 1 hour for male adults range between 2 and 8 mm., 
vuth the average falling between 3 and 4 mm.; in female adults the range is 
from 2 to 10 mm., with the average between 5 and 6 mm. Wintrobe'" has 
foimd the range at 1 hour for males and females to be from 0 to 9 mm. and 
from 0 to 20 mm. respectively, and that 86 % of normal males fall in range 
of 0 to 6.5 nun. 
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In addition to the tests made on presumably normal boys, other tests 
^Yere made during certain acute febrile illnesses for the purpose of determin- 
ing to what degree the sedimentation rate might have been affected. It 
was also hoped that the test might prove to be of aid in determining the 
subsidence of the pathologic process in such a disease as bronchopneu- 
monia, in which there is a prolonged convalescence and the time at which 
normal activity may be resumed is always difficult to determine. The 
value of this test in follorving the course of rheumatic fever has been 
reported by other writers.'* 

Results. In Table 1 and 2 will be found the readings of the 
blood sedimentation rates we obtained in 685 normal boys ranging 
in age from 12 to 20 years. It is our experience that the most sig- 
nificant readings are those obtained at f lir. and 1 hr., the former 
serving as a guide to the rapidity -nfith which the blood achieves 
the latter level. 


Table 1.— The Blood Sedimentation Rate in Normal Adolescents. Cutler 

Method. 


Time interval. 

1 hr. 

1 hr. 

2 hrs. 

18 hrs. 

Range .... 

. . 1-6 

1-12 

2-20 

13-29 

Mean . . . . 

. . 1.5 

3.2 

7.5 

21.5 

Median . . . . 

. . 1 

S 

7 

22 

Mode .... 

. . 1 

2 

6 

23 

Number of cases 

. . 557 

557 

212 

212 

(Values for normal adults at 1 hour. Cutler*: males range 2-8 mm., 
mm.; females, range 2-10 mm., average 5-6 mm.) 

average 3-4 

Table 2.— The Blood 

Sedimentation Rate in 
trobe Method. 

Normal Adolescents. Win- 

Time intoival. 

5 hr. 

1 hr. 

. 2 hrs. 

18 hrs. 

Range .... 

. . 1-10 

1-20 

2-31 

16-52 

Mean 

. . 2.0 

4.7 

9.7 

32 

Median 

. . 2 

3 

9 

33 

Mode .... 

. . 1 

2 

3 

30 

Number of cases . 

. . 200 

200 

200 

200 


(Values for normal adults at 1 hour, Wintrobe'i’: males, range 0-9 mm., females, 
range 0-20 mm.) 


Table 3 lists the results obtained by both methods in those indi- 
viduals whose rates were at the upper limit of normal; and also 
shows the close parallel of results by the two methods. The exami- 
nation of those tables indicates that the average normal male 
adolescent’s blood sedimentation rate is about 3 mm. during the 
first hour by the Cutler technique; and about mm. by the Win- 
trobe technique. The normal range for the first hour is from 1 to 
12 mm. by the Cut'er technique and from 1 to 20 mm. by the Win- 
trobe technique. Of the individuals 90% had rates of 6 mm. or 
less m 1 hr. by the Cutler method, and 93% had rates of 10 mm. or 
less in 1 hr. by the Wintrobe technique. The individuals whose 
sedimentation rates are listed in Table 3 were carefully followed 
by the Medical Department but at no time -^vas there any evidence 
that any of these boys was suffering from an acute or chronic dis- 
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ease. In these eases, and in any instances in which the sedimenta- 
tion rate was abnormally accelerated, the hematocrit was deter- 
mined according to the method suggested by Wintrobe^ in order 
to eliminate anemia as a factor. 

Table 3. — The Blood Sedimentation Rates by Both Chtler and Wintrobe 
Techniques in Normal' Individuals ■with Upper Normal Rates and 

no Anemia. 

Time interval. J lir. 1 hr. 2 lire. 18 hrs. 


Case. 

Method. 

c 

W 

C 

W 

C 

W 

C 

W 

R. H. 


4 

4 

9 

15 

15 

27 

25 

45 

K. H. 


5 

7 

11 

19 

15 

30 

23 

47 

C. A. 


6 

10 

12 

20 

17 

35 

26 

52 

J. R. 


5 

6 

■ 11 

17 

IS 

29 

28 

49 

E. F. 


3 

7 

9 

16 

16 

26 

27 

50 


Brief notes are gii'^en below concerning the 4 individuals who ivere 
found to have an acceleration in their sedimentation rate and in 
whom there was evidence of lesions which could account for that 
condition. In Table 4 will be found the sedimentation rate readings 
for each of those individuals. In the case of D. B. it may be said 
that the greatest value of this test is found, for although the lesions 
were quite extensive, it is not at all difBcult to imagine that in a 
hasty examination they might have been overlooked. 

Table 4.— The Blood Sedimentation Rates in Individuals in Whom Patho- 
logic Processes were Present. 

Time interval. 5 hr. 1 hr. 2 hrs. IS hrs. 


Case. Method. 

C 

W 

C 

W 

C 

W 

C 

W 

D. B.i 

13 

24 

19 

43 

22 

50 

25 

55 

D. H.2 

5 

5 

10 

12 

18 

30 

23 

45 

R. L.s 

6 

, , 

12 






H. L.'* 

8 

17 

15 

40 

20 

48 

25 

62 


1 This boy said he felt well at the time of his medical examination; but recent 
weight loss, cough and lassitude were admitted upon further questioning. His 
general appearance suggested tuberculosis and careful physical examination and 
Roentgen ray of the lungs confirmed that impression and explained the accelerated 
sedimentation rate. 

- This boy had an appendectomy 4 weeks pre'viously which probably explains the 
acceleration of the sedimentation rate on that day. 

“ This boy felt well on the day of his medical examination and no abnormalities 
wore noted. The cause of the slight acceleration in sedimentation rate was ob'vious 
the following day, however, when ho was admitted to the infirmary ■with cough and 
fever (Temp. 100). During the course of his bronchopneumonia, the sedimentation 
rate became further accelerated (Table 7). 

* The probable explanation of the acceleration in this case was history of a recent 
severe common cold and subsequent frequent injections of “cold” vaccine as pro- 
phylactic measure. 


In a number of individuals suffering from moderately severe 
common colds the sedimentation rate was determined, and a small 
representative list of readings are given in Table 5. It will be seen 
that, in general, there was little acceleration in the rate. In 6 cases 
of mumps (Table 6) the rate was somewhat accelerated in those 
individuals who had the more severe infection. 
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Table 5. — The Blood Sedimentation Rates in the Common Cold. 



Time interval. 

} hr. 

1 hr. 

2 

iirs. 

IS hrs. 

Case. 

Day of 

disease. Method. 

C 

W 

c 

w 

c 

W 

C 

W 

C. B. 

6 

4 

3 

10 

20 

17 

36 

24 

45 

M. D. 

3 

5 

4 

11 

18 

19 

40 

25 

50 

R. E. 

6 

5 

11 

8 

2l 

14 

33 

23 

48 

R. G. 

5 

7 

6 

16 

23 

23 

42 

27 

51 

J. M. 

4 

4 

11 

8 

19 





L. M. 

4 

2 

3 

5 

9 

io 

18 

21 

43 

N. P. 

3 

3 

3 

7 

11 

16 

30 

26 

45 

G. P. 

6 

2 

3 

7 

11 

15 

24 

27 

45 

J. R. 

3 

6 

10 

12 

24 

17 

37 

25 


W. W. 

6 

3 

3 

7 

9 

12 

17 

22 

41 


Table 6. — The Blood Sedimentation Rates in Mumps. 



Time interval. 

1 

3 

hr. 

1 hr. 

2 hrs. 

18 hrs. 

Case. 

Day of 

disease. Method. 

C 

W 

C 

W 

C 

w 

C 

W 

R. M. 

5 

5 

15 

14 

31 

18 

42 

25 

51 

11 

6 

15 

12 

25 

16 

33 

25 

48 

H. M. 

2 

4 

6 

8 

16 

17 

35 

23 

43 


8 

3 

8 

11 

21 

17 

29 

22 

46 

W. W. 

3 

3 

2 

7 

9 

13 

20 

25 

44 

G. Y. 

4 

1 

1 

2 

2 • 

6 

3 

20 

25 


9 

1 

1 

2 

2 

5 

10 

16 

25 

W. Y. 

2 

5 

8 

10 

19 

13 

22 

22 

44 

W.-Y.* 

8 

9 

19 

17 

37 

22 

46 

26 

50 

H. H.t 

4 

3 

4 

10 

17 

17 

34 

23 

46 


* Complicated by orchitis on 6th day; t bilateral orchitis only. 


In a prolonged illness such as bronchopneumonia, there is a more 
satisfactory opportunity of observing the effect of a disease process 
on the sedimentation rate. In 5 cases of bronchopneumonia in 
adolescents the sedimentation rates are recorded. It will be seen 
in Table 7 that there is little increase in the rate at the onset of the 
disease, but that during the development of the pneumonic process 
the rate becomes accelerated. It is also obvious that with the onset 
of convalescence there is a gradual return of the sedimentation rate 
to normal. 

We have also frequently employed this test in helping us to deter- 
mine whether or not pathologic processes were present in individuals 
whose past history or general appearance or symptoms suggested 
chronic disease. In such instances the finding of a normal sedimen- 
tation rate has given us greater confidence in the advisability of 
expectant treatment, and in our attempts to reassure the patient. 

Comment. As part of the routine medical examination of 685 
prepr.iatorj’^ :'chool boys, about 750 blood sedimentation tests have 
been done either by the method of Cutler or of Wintrobe. We have 
found that this test gives us further assurance that no obscure 
pathologic processes have been overlooked. It is true that up to 
the present time the test has not uncovered unsuspected disease 
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in many instances, but it is to be remembered that we are dealing 
with a group whose age and advantages should make them relatively 
free of illness, and that should only a rare case be found, the use of 
the test would be justified. The value of the test in such a case as 
D. B. will be apparent at once to any phj’-sician who has examined 
a relatively large group of boys within a comparatively brief time. 
In addition to the routine tests which have been reported, we have 
frequently employed the test when the past history or general 
appearance of a boy has made us uncertain that there was no, dis- 
ease present; in those instances we have been more confident in our 
opinion that all was well than we could have been had such a test 
not been available. 

Table 7. — The Blood Sedimentation Rates in Bronchopneumonia. 





Time interval. 

^ hr. 

1 lir. 


Day of 
disease. 







Case. 

W. B. C. 

Alethod. 

c 

W 

C 

W ' 

R. C. 

2 

7300 


3 

4 

7 

11 


4 

6900 


6 

12 

13 

26 


8 

7500 


20 

30 

23 

46 


13 

7900 


19 

15 

24 

38 


22 

5900 


3 

4 

9 

17 

B. D. 

3 

6500 


6 

6 

13 

20 


5 

6400 


9 

24 

20 

44 


8 

7500 


6 

21 

20 

34 


15 

10300 


3 

6 

9 

16 

J. W. 

1 

6100 


12 

15 

20 

30 


5 

7200 


17 

20 

21 

38 


21 



8 

11 

12 

22 

R. L. 

1 

9200 


6 


12 



2 

8200 


6 


16 



6 

9600 


12 


23 



10 

♦ . ♦ ♦ 


7 


17 

, , 

C. M. 

3 

6200 


5 

6 

17 

IS 


8 

9400 


14 

22 

23 

45 


IS 

6200 


3 

16 

11 

34 


It should be emphasized however, that this test is only a diag- 
nostic aid and in no way can supplant a careful physical examination 
and other established diagnostic procedures. The desirability of 
having routine tuberculin tests and chest roentgenograms is in no 
way affected, for it is generally known that the blood sedimenta- 
tion rate is often but little influenced in incipient tuberculosis; and 
it is always to be remembered that this test has real limitations and 
is not infallible. 

The value of the blood sedimentation test in the course of acute 
febrile illnesses in this age group is not very great, and we can see 
little benefit in its routine use. In such illnesses as bronchopneu- 
monia we have found this test a definite aid, particularly in those 
individuals whose cough persists and whose convalescence is slow. 
In those patients a steady decrease in the sedimentation rate gives 
one assurance that the trouble is gradually subsiding; or a continued 
acceleration will compel one to investigate more carefully for some 
complication. The tables recording the rates in a small number of 
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adolescents suffering from mumps and common colds, indicate how 
little the sedimentation rate is affected by minor infections of brief 
duration. 

It would seem that the number of normal boys tested is sufficiently 
large to allow one to determine tentatively the normal range of the 
blood sedimentation rate in adolescents, and we have adopted the 
policy of carefully reexamining and following up boys whose rate 
is 10 mm. or more by the Cutler technique in 1 hr. or 15 mm. or 
more by the Wintrobe method. The sedimentation rates of normal 
adolescents were found similar to those of normal adults. The 
question as to which of the two methods is more suitable in group 
testing is difficult to answer. The Cutler tube is somewhat simpler 
to fill, and in our experience less subject to error when not carefully 
cleaned; but the Wintrobe tube has the very definite advantage of 
permitting a subsequent determination of the hematocrit and the 
consequent elimination of anemia as a factor in an accelerated rate. 

Summary. 1. Blood sedimentation rates in 685 normal adoles- 
cents are recorded. 

2. The blood sedimentation rates occurring in the common cold, 
mumps and bronchopneumonia of adolescents are reported. 

3. The value of the sedimentation test as a prognostic aid in 
such prolonged illnesses as bronchopneumonia is commented upon. 

4. The desirability of including this diagnostic aid as part of the 
routine medical examination in a program of preventive medicine 
is suggested. 
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METEOROLOGIC EFFECTS ON THE SEDIMENTATION RATE 
OF ERYTHROCYTES. 

By Ejhl T. Hoverson, M.A., M.D., 

KANKAKEE, ILLINOIS, 

William F. Petersen, M.D., 

CHICAGO, ILI4TNOIS. 

(From the Kankakee State Hospital and the Department of Pathologj% University 
of Illinois, College of Medicine.) 

SiA^CE Fahraeus' reintroduced the erji;hrocyte sedimentation 
test, it has been given importance as a part of the diagnostic arma- 
mentarium in many parts of the world, especially in Europe, from 
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which continent most of the earlier reports as to its uses originated. 
More recently, however American writers have discussed it with the 
frequency formerly encountered chieflj’' abroad. Although a general 
agreement exists- as to tlie functioning of the test, in that it is com- 
monly conceded that a rapid sedimentation rate indicates an acute 
infection and a decreasing one connotes improvement, yet many 
investigators are not in accord with these views. Thus, Pinner^ and 
his coworkers showed that there was no correlation between the 
clinical picture of tuberculosis and the sedimentation rate, and he 
also noted that there occurred rather wide variations from day to 
day in “normal” individuals. 

That these daily variations should occur and be noted in normal 
persons appears significant in that it leads one to believe that it is 
on the basis of such variations that disagreement occurs between 
various observers who were dealing with certain pathologic condi- 
tions, and who neglected to account for variations which might 
occur independent of any pathology. 

The writer feels that, as a result of the observations to be described, 
in this paper, it will be found that the basis of the variations in the 
sedimentation rate may be explained by the clianges that are pro- 
duced on “normal ”or “abnormal” indimduals by meteorologic 
conditions, rather than by the inroads of disease. 

Although the exact mechanism of the sedimentation test is not 
known, many theories have been advanced. (As far as is known) 
it is now believed that the fibrinogen content of the blood is one 
of the most important factors.^ Recently Freeman® noted a cor- 
relation between the carbon-dioxid content of the venous blood and 
the settling rate of erythrocytes. Hence there may be one or several 
yet unknown factors that determine the rate, and we make here 
no attempt to postulate the cause for the settling. We do believe 
that variations in the individual rates depend largely on environ- 
mental and meteorologic conditions. 

During the course of the past 6 years, one of us (W. F. P.) ® has 
worked out the detailed physiologic and' pathologic changes that 
are associated with meteorologic alterations, and also has demon- 
strated the close reflection of the shifting cyclonic fronts in the 
adaptive meehanism of the mammalian organism. Thus pressor 
episodes, falling carbon-dioxid and increasing blood pH, localized 
or general anoxemia, alternates with periods when the diastolic 
blood pressure falls, the carbon-dioxid content inereases, the blood 
pH decreases, basal metabolism, and oxidation increases. The 
first phase is termed the ARS phase, and the latter COD phase. 
The ARS phase coincides with the infall of polar air (but may at 
times occur at periods of unusually high temperature and humidity). 
The COD phase usually is coincident with the passage of a tropical 
front, i. e., with the cyclonic period of low barometric pressure. 
Not only does this rhythm (ARS and COD phase changes) influence 



SEDIMENTATION RATE OP ERYTHROCYTES 457 

every physiologic process but it is naturally reflected to a greater 
extent in the individual who is poorly buffered, or in whom some 
organic dysfunction exists (migraine, epilepsy, eclampsia, psychosis, 
etc.). 

Among the physiologic alterations, changes have been described 
for the leukocytes, the fibrin, platelets, corpuscular resistance, and so 
on. Now, if meteorologic conditions are able to bring about changes 
which may be measured by blood chemistry methods, then these 
same changes ought to influence the erythrocyte settling rate. 

Methods and Observations.— Because of the availability of material, 
the determinations were made on male patients classified as general 
paralysis. There were two exceptions to this. Patient 1 had a 4+ 
blood Wassermann and Kahn test only, and Patient 12 had negative 
tests for sj^philis. The month of February was selected for this 
study because of the numerous well-marked meteorologic changes 
which commonly occur during this month. All the determinations 
were carried out by the writers, under uniform conditions, 1 hour 
after brealdast (which was always of essentially the same ingre- 
dients). The Linzenmeier method was used in all cases in order 
to report on one method onty. In each tube were placed 0.2 cc. 
of a 2% sodium citrate solution, and 1 0.8 cc. of blood, and these 
were mixed by inverting the tube 3 times. The time in minutes for 
the erythrocyte column to reach the 0.18 mark was recorded. 

Other methods, namely, the Westergreen and the Cutler, are 
carried out by measuring the length of the plasma column after the 
blood has been in the tube for 1 hour. This differs from the Linzen- 
meier method, but the different procedure in determination has no 
appreciable effect on the final results. Thus it was stated by Greis- 
heimer^ that the average sedimentation for the three methods in 
1 hour in normal subjects appears to be reasonably concordant, 
although the differences between the means for the three methods 
were significant statistically. ■ She also stated that the “dispersals 
in individual cases about the lines of average relationships although 
not studied in detail are clearly greater than those ascribable to 
error inherent in the technic.” Thus it was reasoned, that if varia- 
tions appeared in the Linzenmeier method, these same variations 
would appear in other methods. 

It seems that the results do not depend upon the method used, 
and hence the disagreements noted among various authors cannot 
be due to the different methods. Even using the same method, 
variations occur in normal persons, and although this has been 
noted by several, no explanation has been advanced. It is quite 
probable that the issue has been clouded in that the attention has 
been focused on the effect of diseases, and not upon other factors 
extraneous to the malady which might independently affect the 
rate. ^ One might almost sum it up by saying that if a person has a 
certain disease, then he ought to show a decreased or an increased 
rate, depending upon the tjqie of the malady. 
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The period of study extends from January 28, 1934 to INIarch 1, 
1934, inclusive and comprises determinations made on 12 patients. 
In each case 15 determinations were made at daily intervals when- 
ever possible. The patients were so arranged that some one was 
under observation all the time. 

The following table shows the data for the Patients 1, 3, 4, 6, 
respectively; 


Table 1.— Sedimentation Rates (in Minutes) in 4 Patients. 


Date. 

Pt. 1. 

Pt. 4. 

Date. 

Pt. 3. 

Pt. 6. 

Jan. 28 

65 

206 

Feb. 15 

281 

194 

29 

72 

291 

16 

341 

196 

30 

63 

271 

17 

358 

193 

31 

79 

237 

18 

344 

208 

Feb. 1 

95 

325 

19 

345 

238 

2 

78 

287 

20 

357 

303 

3 

89 

310 

21 

418 

330 

4 

87 

320 

22 

262 

250 

5 

65 

209 

23 

342 

242 

6 

71 

185 

24 

341 

310 

7 

75 

304 

25 

332 

348 

8 

98 

303 

26 

394 

328 

9 

9 

339 

27 

240 

207 

10 

74 

378 

28 

375 

276 

11 

94 

300 

Mar. 1 

371 

254 


In order to obtain similar graphs for each patient, the percentage 
variation from day to day was determined. Thus for the 15 deter- 
minations in Patient 1 a total of 1184 minutes were required. On 
January 28, the first determination took 55 minutes, or 4.6% of the 
total 1184 minutes. 

In the accompanying graph the percentage variations of the 
sedimentation rates are compared with the meteorologie eondi- 
tions present at the time of the determination. Thus the graph 
lettered “A” shows the daily minimal variations in the temperature, 
while that lettered “B” indicates the barometric variations. The 
remaining graphs numbered from I to V were obtained by placing 
the 12 patients into 5 groups, the patients in each group showing a 
similar graph. The individual patients are identified according to 
the character of the line designating the changes: 

Graph I. Pt. 1 Pt. 2 Pt. 3 . Graph II. Pt. 4 

Pfc. 5 Pt. 6 . Graph III. Pt. 7 Pt. 8 

. Graph Pt.9 Pt. 10 . Graph V. Pt. 11 

Pt. 12 . 

In considering the meteorologie conditions present in the period 
Januarj'’ 27 to March 2, 1934 it is seen that there occurred 9 distinct 
disturbances. (This is not at all uncommon for February and con- 
stitutes one of the reasons that the work was carried out at this time 
of the year.) 

Of the 9 changes, 5 were designated as polar fronts and the remain- 
ing 4 as tropical fronts. The changes occurred respectively as 
follows : 
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January 28, tropical; Januarj’’ 29, polar; January 31 to February 
3, tropical; February 9, polar; Februarj’- 14, tropieal; February 20, 
polar; February 21, tropical; and February 27, polar. 

If the postulate is correct that daily changes in the rate of sedimen- 
tation are determined by the response of the organism to weather 
changes, then definite changes should occur on the dates mentioned 
above. An examination of the percentage variations in each 
patient’s record discloses that usually definite changes did occur 
just as would be expected. (In the case of Patients 7 and 8 the 
effeet was cumulative.) Thus, the first 7 determinations were made 
on January 28 and all have increased rates when eompared with the 
following days. The next day, January 29, the barometer rose and 
the temperature fell, and all (then 8) of the patients showed rela- 
tively slower sedimentation rates. A longer time was required to 
reach the 0.18 mark. 

The changes were rather indefinite on January 30 for of the 8, 3 
patients showed a small increased sedimentation rate over the pre- 
vious day, while 5 showed greater time. The tropical front occurs 
on the 31st and on that date the time for reaching the 0.18 mark 
should be shorter. Four out of the 7 showed this change. The 
same barometric conditions prevailed for the next 3 days. On the 
first of February, 6 of 9 patients had quicker rates, and on the 2d, 
5 were slightly increased, and 5 slightly deereased, the variations 
being less than 1 %. The same conditions existed with praetically 
no change on February 3d. 

It appears that the effect is cumulative, because on February 5 
all 10 patients had a shorter time to reach the 18 m. mark. The 
next period of stimulation, or change, occurs on February 9. There- 
fore changes in the rate ought to oceur on February 9 to 10. This 
is found to have been the case in every partieular. This apparent 
change, occurring at tropical and polar fronts seems to be observable 
in all cases (it is at these periods when stimulation and ehanges 
occur). 

Only 2 patients were under observation from February 15 to 
hlarch 1. The correlation in these instances is self-evident. 

This work could have been carried out for an indefinite length 
of time, but as a correlation was observed and the reasons for it 
were known, prolonging the observations could have no greater 
value. 

In certain cases, namely Patients 3 and 6, it seems that the rate, 
whether fast or slow, is determined by the eharacter of the ehange, 
whether it is polar or tropical. This is true in general for all eases. 
However, all that is expected is that the rate should show some 
change following a cyclonie storm, and that it should tend to the 
average rate for that individual afterv'ard. Consulting the charts, 
it is seen that all patients except the two in whom the cumulative 
effect was observed, tend to group themselves about an ;average 
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percentage ; thus the average percentage for any case would be 6.6 %. 
If a line is drawn from the 6.6% on the left-hand side of the chart, 
this is readily seen. In order to clarify and simplify the charts, this 
line has been omitted. 

It must be remembered that the period discussed is but a small 
fraction of a year, as well as being a part of a season, and that sea- 
sonal changes in bodily functions occur. Hence, the accumulative 
effects may be due to season, and will show an increase in the rate 
in the following season. Since the interest lies not primarily in 
seasonal changes, but instead in daily variations in the individual, 
this work was discontinued at this time. 

Conclusions. 1. There occurs wide daily variations in the ery- 
throcyte sedimentation rate, and at times the daily variation is as 
much as 100%. 

2. In general paresis, the rate of settling is slower than in “normal” 
individuals. 

3. There is a correlation between the daily variations of the sedi- 
mentation time, and the meteorologic changes. 

- 4. It is believed that these meteorologic changes account for 
daily variations in the rate of settling. 
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YEAST OR VITAMIN Bz AS “EXTRINSIC FACTOR” IN 
TREATMENT OF PERNICIOUS ANEMIA. 

By H. C. A. Lassen, 

RESIDENT PHYSICIAN, DEP, HI (mEDICAd), KOMMUNEHOSPITAE, 

AND 

H. Krieger Lassen, 
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According to the studies on the pathogenesis of pernicious 
anemia published by Castle and associates,! in 1929 and 1930, 
the antianemic principle is formed through interaction of an intrinsic 
factor present in normal gastric secretion, but absent in pernicious 
anemia, and an extrinsic factor present in certain food articles. 
In 1932, Strauss and Castle^ tentatively identified the extrinsic 
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factor with the thermostabile component of the Aotamin B complex 
(B2). The authors were unable to demonstrate any antianemic 
effect when 12 gm. of autolyzed yeast was given daily to patients 
with typical pernicious anemia, whereas there was a strong reticu- 
locyte response when the same dose of yeast or the double dose of 
autoclaved yeast, as well as an 80% alcoholic extract of the prepara- 
tion was given after incubation at 37° C. with 150 cc. of normal 
gastric juice. The yeast preparation used in these experiments was 
the commercial product “ Vegex” which is stated to be “made from 
fresh washed brewer’s yeast by autolysis with salt solution.” Exact 
details of the manufacturing process of this commercial product 
are not given and are probably not available. 

From the results obtained in these experiments Strauss and 
Castle conclude that the extrinsic factor “may now be defined as 
a substance closely related to vitamin Bo, if not vitamin B2 itself.” 
This suggestion of Strauss and Castle has in recent years been 
much cited in the American literature, though as yet no confirmation 
of this suggestion has been produced and the hitherto published 
experiments by other authors go against it.* 

Wills and Naish® use the white of hen’s egg for B 2 preparation 
(it is stated to contain a good deal of B2 and no Bj). Daily admin- 
istration of 40 to 80 “rat doses” of this preparation alone or incu- 
bated for 2 hours at 37° C. with 150 cc. of normal gastric juice 
proved unable to influence the regeneration of red blood cells in 
typical pernicious anemia. This experiment may, however, be said 
not to be conclusive, since the patient was not subsequently studied 
with a combination of gastric juice and extrinsic factor of known 
activity. 

In 1933, Wills,'' studying tropical macrocytic anemia, a condition 
in which the intrinsic factor is assumed to be present, presents a 
series of careful observations on the nature of the hemopoietic factor 
in “Marmite” (a substance said to be similar to “Vegex”). In 
these experiments the B 2 content of the yeast preparations used 
was checked and dosage administered accordingly. Wills found the 
following preparations inactive in tropical macrocytic anemia: dried 
distiller’s yeast, aqueous extracts of brewer’s yeast, the acid clay 
■vatamin B preparation of Jansen and egg white. In sharp contrast 
to this, maximal or marked reticulocyte response was obtained 
after ingestion of several different preparations of unflavored 
“Marmite:” the crude commercial product itself, acid as well as 
alkalin aqueous extracts and 80% alcoholic e.xtract of “Marmite” 
(the residue was ’inactive) and autoclaved “Marmite” (5 hours, 
120° C.). From these observations Wills concludes that the e.xtrin- 
sic factor is not identical with vitamin B 2 . She consequently turns 

* Dr. Castle, to whom this manuscript has been showTi, writes that he is fully 
prepared to relinquish the suggestion that vitamin B: is the extrinsic factor and points 
out the difference between Vegex or Marmite and the preparations used here. 

Editors. 
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her attention to the nature of “Marmite” as distinct from other 
yeast preparations. Regarding the process of manufacture of 
“Marmite,” Wills offers the same data as advanced by Strauss 
and Castle concerning “Vegex,” and, aware of the discrepancy 
between the negative results obtained with whole yeast and watery 
yeast extracts and the positive results with “Marmite,” she sug- 
gests the possibility of the extrinsic factor in “Marmite” being 
some unknown protein breakdown product in the commercial 
preparation. 

In spite of the evidence cited above, which in our opinion strongly 
suggests that in the tropical macrocytic condition the exogenous 
factor is not identical vnth vitamin B2, it has been widely assumed 
that this vitamin plays a role as extrinsic factor in true Addisonian 
pernicious anemia. 

In the studies presented in this paper our chief object has been 
to ascertain the possible role of vitamin Bo as exogenous factor in 
classical pernicious anemia. 

I. Material. The more important findings in the 8 cases of 
typical pernicious anemia on which our studies are based are 
tabulated below: 


Survey of Clinical and Hematologic Findings in Patients Prior 
TO Treatment With Yeast. 


Patient No. 

1. 

2. 

3. 

n 

5. 

6. 

B 

8. 

Sex .... 

M 

M 

F 

F 

M 

F 

F 

M 

Age .... 

50 

54 

51 

77 

48 

56 

39 

50 

Glossitis . 

+ 

+ 

(+) 

+ 

0 

+ 

+ 

+ 

Achylia 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Paresthesias . 

+ 

0 

+ 

+ 

0 

0 

+ 

+ 

Myelit. signs 


+ 

+ 

0 

0 

0 

+ 

0 

R.B.C. (millions) 

2.0-1.7 

1.6 

2.2-1 .7 

2.2-1.5 

1.3-1 .8 

2.0-1 .6 

3.4-2.7 

1.2-1 .0 

Hemoglobin % . 

57-52 

46 

53-40 

50-39 

30-^1 

49^4 

73-64 

35-29 

Color index . 

1.4-1. 5 

1.4 

1.2-1 .2 

1.1-1 .3 

1. 2-1.1 

1.2-1 .4 

1.1-1.2 

1.5-1 .5 

Plasma color 

12 

16 

7 

5 

19 

7 


13 

Complication 

Spon- 

dylitis 

Dia- 

betes 

mellit. 

Pyuria 
(B. coli) 

Bron- 

chiect. 

0 

0 

Pyuria 
(B. coli) 

Pyuria 
(B. coli) 


Two figures in a column for the same feature indicate the respective values on 
admission of the patient and at institution of the treatment with yeast alone or 
with yeast + gastric juice. The plasma color values refer to the findings on admis- 
sion of the patients. 

_ II. Yeast Preparations. In the experiments 4 different yeast prepara- 
tions were used : 

1. Auiolyzed Viscid Brewer’s Yeast (Top Yeast). Fresh, pressed top 
yeast containing 25% dry substance is autolyzed for 24 hours at 37° C. 
In the first experiment the patient was given 12 gm. of this preparation, 
a brown viscid fluid, dailj'' — similar to Castle’s dosage — and 20 gm. a day 
in the next experiment. 

Vitamin B; content: 2.5 curative rat doses per 1 gm. (about 30 doses in 
12 gm., and 50 doses in 20 gm.). 

Idtamin B, content: about twice as much per weight unit. 
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2. Brewer’s Yeast Extract. Fresh, pressed brewer’s yeast coutaiiiing 
about 25% dr}”^ substance is washed repeatedly, boiling water added and 
the mixture heated to tlie boiling point whereafter heating is discontinued. 
Then filtered through paper and Biiehner’s funnel and evaporated so that 
1 cc. of the extract contains the same amount of diy substance as 2 gm. 
of the original material. The dosage of this preparation was 40 cc. daily. 

Vitamin Bo content: about IS curative rat doses per 1 cc. (about 700 
doses in 40 cc.). 

Vitamin B, content: about twice as much. 

3. Distiller’s Yeast Extract {Autoclaved for 1 Hour at 120° C. at a Pressure 
of 2.5 Atmospheres). Fresh, pressed distiller’s j-^east with 25% di^' sub- 
stance is submitted to the same procedure as preparation No. 2 and evapo- 
rated so that 1 cc. corresponds to 4 gm. drj"^ j'east. After this autoclaxdng for 
1 hour at 120° C. The preparation was given in doses of 20 to 30 cc. daily. 

Vitamin B. content: about 30 curative rat doses per 1 cc., i. e., 600 to 
900 rat doses in 20 to 30 cc. 

Vitamin B, content: only a trace. 

4. Distiller’s Yeast Extract (Autoclaved for 5 Hours at 120° C., pressure of 
2.5 Atmospheres). Same method of preparation as for No. 3, but auto- 
claved for 5 hours, 'ifitamin B. content: about 10 curative rat doses per 
1 cc. Dail 3 '’ dose: 20 to 30 cc., corresponding to about 200 to 300 curative 
doses. This preparation contains no xdtamin B,. 

The preparations were assaj^ed on rats as follows: Young male rats, 
aged 3 weeks, are kept on a xdtamin B-free diet until the weight curve 
begins to fall. Then the rats are given an addition of the Bj fraction in 
sufficient doses (standardized preparation), until the weight curve begins 
to fall anew; after this the rats are given the 3 'east preparation which is to 
be assa 3 "ed for Bj— dail 3 ’' doses b 3 ’- weight. 

One curative rat dose means the amount (b 3 " weight) of the assa 3 ’’ed 3 ’’east 
preparation that is required as a daily dose in order to give an average 
weekl 3 ’- weight increase of about 8 gm. per test annual. 

III. Experimental Technique. The gastric juice is obtained from 
fasting normal adults (medical students) b 3 ’' aspiration of the stomach 
contents after injection of histamin in doses from 0.5 to 1 mg. The amount- 
of normal gastric juice emplo 3 ’’ed in each dose has been, as a rule, the 
amount which the “donor” was able to produce; so, uaturall 3 ', it has been 
subject to some variation. Nearl 3 ’’ alwa 3 ’^s, however, the dose of gastric 
juice has been over 50 cc., and usuall 3 ’^ between 100 and 200 cc., a quite 
sufficient amount, according to Castle’s findings. As soon as the gastric 
juice is withdravm, it is mixed with the measured dose of 3 '^east extract, 
alread 3 ’^ heated to 37° C., and the mixture is incubated at 37° C. We have 
not determined the lydrogen-ion concentration in these mixtures; they 
have nearl 3 '^ always been slightB’^ acid on Congo paper, and alwa 3 ^s acid on * 
litmus paper. Thus the reaction was alwa 3 fs within the limits for inter- 
action between the “intrinsic factor” and the "extrmsic factor” (Castle, 
Tovmsend and Heath^) and usualB'^ near the hydrogen-ion concentration 
which is considered optimal for extraction of vitamin Bi. 

The incubation time for the mixture of gastric juice and 3 ’^east preparation 
has alwa 3 'S been the same throughout the indimdual experiment; otherwise 
it has been A^aried from 1 to 14 hours up to 24 hours. 

The patients were given the mixture in the morning, fasting or a feiv 
hours after a light morning meal of tea and toast. In some cases the 
mixture was gii’en without 303 ”^ addition; most often, hmvever, there ivas 
added a little dark beer to camouflage the looks and the taste. 

IV. Experiments. Case 1 (Table 1).— It is emdent that this 
patient wlus regressing rapidly diming the first two periods of treat- 
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ment, for it does not seem reasonable to attach any particular 
importance to the very slight increase in the reticulocyte value, 
hemoglobin percentage and red cell count as observed at the transi- 
tion from the first to the second period. 

Table 1. — Results of Tkeatmbnt in Case 1. 



Reties., 

Hb., 

R.B.C., 


Reties., 

Hb., 

R.B.C., 

Days. 

% 

% 

millions. 

Days. 

% 

% 

millions. 

1 

Period I ... 

57 

2.0 

17 . . . 

1.2 

44 

1.8 





18 . . . 

1.1 



5 

Period II 0.9 



19 . . . 

1.0 



6 

... 0.7 

52 

1.7 

20 . . . 

0.7 



7 

... 0.6 



21 . . . 

0.5 

45 

1.7 

8 

... 0.1 

50 

1.7 

24 . . . 

0.4 

39 

1.3 

10 

. . . 0.5 



25 . . . 

0.7 



11 

. . . 0.5 



26 . . . 

0.8 



12 

. . . 0.6 







13 

... 0.4 

42 

1.5 

27 Period III 

0.6 

41 

1.4 

14 

. . . 0.6 







15 

. . . 1.5 



45 . . . 


63 

3.5 


Period I (from 5th to 15th day) : prep. No. 4, 20 cc. daily — no gastric juice. 

Period II (from 17th to 26th day): prep. No. 1, 12 gm. daily + normal gastric 
juice (150 to 280 cc.), incubated for 2 hours at 37° C. 

Period III (from 27th day) : large doses of active preparation from pig stomach 
(ventrioulin) . 

Results. Bi-free distiller’s yeast extract given in a daily dose 
containing about 200 effective rat doses of B 2 has no antianemic 
effect or, at most, only a minimal effect. Twelve grams of auto- 
lyzed brewer’s yeast daily (about 60 rat doses Bi and 30 rat doses 
B 2 ) incubated for 2 hours at 37° C. with 150 to 280 cc. of normal 
gastric juice has no antianemic effect. 

Case 2 (Table 2).— Tliis patient fell off so rapidly during the two 
periods of treatment with yeast and with yeast + gastric juice that 
it was not considered justifiable to extend the latter period beyond 
7 days. In this case there is not even the slightest suggestion of 
a reticulocj^te reaction. 

Table 2.— Results of Treatment in Case 2. 


Days. 

Reties., 

Hb., 

R.B.C.. 

• 

Reties., 

Hb.. 

R.B.C., 

% 

% 

millions, 

Days. 

% 

% 

millions. 

1 

... 0.3 

46 

1.6 

12 

... 0.7 

36 

1.2 

2 

. . . 0.2 











13 

Period II 0.5 



3 

Period I 0.2 



14 

... 0,4 



5 

... 0.1 

47 

1.6 

15 

. . . 0.3 



6 

... 0.1 



16 

. . . 0.7 

33 

1.1 

7 

... 0.1 



17 

. . . 0.1 



S 

... 0.1 







9 

... 0.4 

35 

1.3 

19 

. . . 0.2 

31 

1.1 

10 

. . . 0.3 










47 


68 

3.7 


Period I (from 3d to 12th day) : prep. No. 1, 20 gm. daily — no gastric juice. 
Period II (from 13th to 19th day): prop. No. 1, 20 gm. daily + normal gastric 
juice (80 to 100 cc.), incubated for 2 hours at 37° C. 

From 19th day; daily intramuscular injection of 4 cc. of campolon. 

From 22d day: daily intramuscular injection of 2 cc. of campolon. 

From 35th day: daily ingestion of exhepa corresponding to 500 gm. of fresh liver. 
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Results. Daily ingestion of 20 gni. of autolyzed brewer’s yeast, 
containing about 100 rat doses of Bi and 50 rat doses of Bo, has no 
antianemic effect whatever, regardless of whether the yeast is given 
alone or after incubation for 2 hours at 37° C. with 80 to 100 cc. 
of normal gastric juice. 

Thus we have not been able to confirm the findings obtained by 
Strauss and Castle,^ although we have copied their experimental 
technique as closely as practicable after their data. Yet is must 
be admitted— and we want to stress this point— that our yeast 
preparation was not similar to the preparation used by these authors; 
As alreadj'^ stated they used “Yegex,” a commercial product which 
is said to have gone through a procedure of prolonged autolysis, 
including addition of salt. This special process may possibly 
account for the discrepancj'^ between our results and the results of 
Strauss and Castle. On the other hand, our findings are quite in 
accordance with the negative findings obtained by Wills,® using 
ordinary dried yeast and aqueous yeast extracts in the treatment 
of tropical macrocjffic anemia. 

From the outcome of these first experiments the idea occurred to 
us that the divergence might be due to the possibility that our 
preparation No. 1 did not contain a sufficient amount of vitamin Bs. 
In the following experiment, therefore, we used a preparation (No. 2) 
nuth a greater B 2 content. 

Table 3.— Results of Treatjient in Case 3. 



Reties., 

Hb., 

R.B.C.. 



Reties., 

Hb., 

R.B.C., 

Days 

% 

% 

millions. 

Days. 


% 

% 

millions. 

1 

Period I 

53 

2.2 

23 


. 1.6 



5 

... 0.3 

48 

2.0 

24 


. 1.2 

45 

1.7 

7 

... 0.5 



26 


. 1.1 



9 

... 0.1 



27 


. 0.7 



12 

. . . 0.1 

49 

1.9 

28 


. 0.3 



14 

. . . 0.3 



29 


. 0.4 



16 

. . . 0.1 



31 


. 0.1 



19 

Period II 0.1 

40 

1.7 

42 



43 

1.6 

20 

... 0.9 












51 



61 

2.6 

21 

Period III 0.7 








22 

... 1.0 

42 

1.7 







Period I (first 16 days); no treatment. 

Period II (from 17th to 20th day): prep. No. 2, 40 cc. daily — no gastric juice. 

Period III (from 21st to 31st day): prep. No. 2, 40 cc. daily -f normal gastric 
juice (80 to 100 cc.), incubated for 1 to IJ hours at 37° C. 

From 42d day: ventriculin in sufficient doses. 

Case 3 (Table 3).— This patient was getting worse at the time 
treatment was instituted with a daily dose of 40 cc. of preparation 
No. 2 vdthout addition of gastric juice (on, the 17th day). Six to 
9 days after this treatment was instituted and after 2 to 5 days of 
subsequent administration of preparation No. 2 + gastric juice 
there is a minimal increase in the reticulocyte percentage. It would 
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hardly be reasonable to attach any particular significance to this 
slight increase; most likely, it is accidental. But even if not, this 
increase in the reticulocyte percentage would have to be ascribed 
to preparation No. 2 alone and not to the combination of this 
preparation with gastric juice. 

Results. Brewer’s yeast extract containing about 1400 effective 
rat doses of vitamin Bi and 700 rat doses of ^^tamin Bo per daily 
dose has no— or merely a minimal — antianemic effect. After incu- 
bation with 80 to 100 cc. normal gastric juice for 1 to H hours at 
37° C. the preparation is absolutely ineffective. 

After this test we went on to try yeast preparations which con- 
tained Autamin Ba but only very little of Bi (preparation No. 3) or 
no Bi at all (preparation No. 4). 

Cases 4, 5 and 6.— These 3 patients were all given distiller’s 
yeast extract autoclaved for 1 hour (preparation No. 3), incubated 
with normal gastric juice at 37° C. for 1 to If hours. On subse- 
quent treatment with liver preparation or ventriculin all 3 cases 
had remission; in Case 4, however, the remission was very slow 
and incomplete, presumably on account of the patient’s age and 
the complicating lung lesion. 



Table 4. 

—Results of 

Treatment in 

Case 4. 




Reties., 

Hb., 

R.B.C.. 


Reties., 

Hb., 

R.B.C., 

Days. 

% 

% 

millions. 

Da.vs. 

% 

% 

millions. 

1 

Period I ... 

50 

2.2 

13 . . 

. 3.5 

47 


7 

... 0.4 

39 

1.5 

15 . . 

. 4.5 

49 

2.0 





17 . . 

. 2.2 

50 


9- 

Period II 0.7 

40 






11 

. . . 1.9 ' 

42 


55 . . 


67 

2.7 


Period I (firat 7 days) : no treatment. 

Period II (from 8th to 17th day) ; prep. No. 3, 20 cc. daily, incubated with 20 cc. 
of normal gastric juice. 

From 17th day: ventriculin, corresponding to 300 to 400 gm. fresh pig stomach 
daily. 



Table 

5. — Results of Treatment in 

Case 5. 




Reties., 

Hb., 

R.B.C., 


Reties., 

Hb., 

R.B.C., 

Da.vs. 

% 

% 

millions. 

Days. 

% 

% 

millions 

1 

Period I ... 

30 

1.3 

12 . . 

. 0.9 



2 

... 5.0 



15 . . 

. 1.9 

44 

1.6 





10 . . 

. 2.3 



4 

Period II 3.0 

41 

1.8 

17 . . 

. 2.1 



5 

... 1.8 

40 


IS . . 

. 1.6 

50 

2.0 

7 

... 0.9 



19 . . 

. 1.5 



8 

. . . 1.5 

40 

1.5 

21 . . 

. 0.3 



9 

. . . 1.1 







10 

... 0.4 



oo 

. 0.5 

55 

2.1 

11 

. . . 1.0 

.41 

l.C 

36 . . 


05 

2.9 


Period I (first 3 days) ; no treatment. 

Period II (from 4th to 21st day): prep. No. 3, 20 cc. daily, incubated with 80 to 
180 cc. of normal gastric juice. 

From 24th day: ventriculin in sufficient doses. 
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Table 6. — Results of Theatmbnt in Case 6. 



Reties., 

Hb., 

n.B.c., 


Reties., 

Hb., 

R.B.C., 

Days 

% 

% 

millions. 

Days. 

% 

% 

millions. 

1 

Period I ... 

49 

2.0 

32 

. . 3.5 



4 

... 0.9 



33 

. . 3.0 

45 

1.7 

7 

... 0.9 

47 

2.0 

34 

. . 3.2 



10 

... 0.7 



35 

. . 3.1 



12 

... 0.3 

45 

1.9 

37 . 

. . 2.7 

49 

1.9 

14 

. . . 0.4 

43 

1.6 

38 

. . 2.6 







39 

. . 3.0 



IS 

Period II 0.5 

44 

1.6 

40 

. . 4.0 

55 

2.1 

19 

. . . 1.1 



41 

. . 3.7 



20 

... 0.8 



42 

. . 1.5 



21 

. . . 0.2 

43 

1.5 

44 

. . 1.4 

60 

2.4 

23 

... 0.7 



45 

. . 1.4 



24 

... 1.9 



46 

. . 0.5 



25 

... 1.8 



47 

. . 0.8 

61 

2.0 

26 

... 1.6 

43 

1.6 

48 

. . 0.6 



27 

. . . 1.7 



49 

. . 0.5 



28 

. . . 2.1 







30 

... 3.0 

44 

1.5 

51 

. . 0.3 

01 

2.5 

31 

. . . 2.9 



55 


72 

3.0 


Period I (first 17 days): no treatment. 

Period II (from 18th to 50th day): prep. No. 3, 20 cc. daily, incubated vrith 60 
to 105 cc. of normal gastric juice. 

Prom Slst day: liver e.\traot in sufficient doses. 

In these 3 cases (Nos. 4 and 6 were in retrogression when adminis- 
tration of yeast extract and gastric juice was commenced) there 
appeared during the treatment small, though unmistakable, in- 
creases in the reticulocyte percentage, but mostly late in the treat- 
ment (Case 4, max. 4.5% after 8 days; Case 5, max. 2.3% after 
13 days; Case 6, max. 4% after 23 daj^s). There was at the same 
time a not inconsiderable increase in the hemoglobin percentage 
and the red cell count. 

In these 3 cases, we think, the possibility of a spontaneous remis- 
sion cannot be excluded; in Case 5 it is even highly probable that 
a spontaneous remission was coming on immediately before the 
treatment was instituted. On the other hand, these remissions 
might also be said to resemble the remissions observed after small 
and insufBcient doses of liver extract. Whether some part in these 
remissions is to be attributed to the gastric juice, through its sup- 
posed action upon the yeast extract, must be said to be most doubt- 
ful,. as the produced reactions are not essentially different with 
regard to magnitude from the minimal reactions observed in the 
first experiments after administration of yeast extract alone. But, 
on the other hand, it is not to be denied that there still is some 
difference. In our opinion the course of the reticulocyte curves in 
these e.xperiments suggests that these patients were given a sub- 
optimal dose of antianemic effective principle. 

Results. Treatment of 3 patients with a daily dose of 20 cc. of 
distiller’s yeast extract, autoclaved for 1 hour at 120° C. and 
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incubated for 1 to If hours at 37'’ C. with 20 to 180 cc. of normal 
gastric juice, is accompanied in all 3 cases by a slight but distinct 
reticulocyte reaction which is followed by an increase in the hemo- 
globin percentage and red cell count. The daily dose of yeast 
extract used in these cases contains about 600 curative rat doses 
of vitamin Bs and only insignificant amounts of Bi. 

If one were to maintain the idea that ordinary yeast contains an 
antianemic factor or a factor that is capable of antianemic effect 
after it has been exposed to the action of normal gastric juice, 
thff outcome of the tests above would make it necessary also to look 
for some cause why the obtained remissions — that is, if the 3 '' actu- 
ally were “obtained”— have been incomplete (inadequate reticulo- 
cyte reactions observed in Cases 4, 5 and 6 ). 

As in our experiments the chief purpose was to ascertain whether 
any antianemic properties may be attributed to vitamin B 2 , the 
j'east extract emploj''ed in Cases 4 to 6 (preparation No. 3) must be 
said to be suitable, containing considerable amounts of B 2 and verj”^ 
little Bi. According to the works of Castle and his associates,^ 
cited above, the given doses of normal gastric juice must be regarded 
as sufficient, and the hydrogen-ion concentration of the mixture 
during the incubation was such as must reasonably be taken to 
promote a biochemical combination of the “intrinsic factor” in 
the gastric juice and the presumed “extrinsic factor” in the yeast 
extract— regardless of whether this “extrinsic factor” were identical 
with B 2 — not suggested very strongly by the results given above— 
or some other substance present in the yeast extract. 

A change in the experimental technique which conceivablj'^ might 
result in production of a larger amount of antianemic principle in 
the mixture of gastric juice and yeast extract would be a longer 
period for interaction between the two components. In the last 
two experiments, therefore, we have used preparation No. 4, which 
is entirelj^ free from vitamin Bi and rich in B 2 , and we have incu- 
bated it with normal gastric juice at 37° C. respectively for 5 to 
7 hours (Case 7) and 24 hours (Case 8 ). 

Case 7 (Table 7).— Here the hemoglobin percentage and red 
cell count were stationarj^ when the treatment commenced, but at 
that time the red cell count was so high that the reticulocjrie 
response to optimal liver therapj'^ could not be expected to exceed 
6 to 7%. 

On comparison of the reticulocyte percentages ascertained during 
the treatment to the values obtained prior to the treatment, this 
patient, too, maj’’ perhaps be said to show an attempt, albeit very 
feeble, at reticulocjrie reaction. The hemoglobin percentage does 
not increase at all, and the red cell count but verj'^ little. The slight 
reticulocj'te increase observed in this case does not differ in magni- 
tude from the preceding reticulocjrie reactions after 3 'east medication 
alone. 

VQL. ISS, SO. 4.— OCTOBEIt, 1934 
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Table 7. — Results of Treatment in Case 7. 



Reties., 

Hb., 

R.B.C.. 


Reties., 

Hb., 

R.B.C., 

Days. 

% 

% 

millions. 

Days. 

% 

% 

millions. 

7 

Period I ... 

70 

3.2 

31 

. . 1.2 



9 

... 0.1 



33 

. . 1.5 

63 

2.8 

13 

... 0.4 



34 

. .1.8 



16 


63 

2.6 

35 

. . 1.6 



20 

. ! . 6.3 

64 

2.7 

36 

. . 0.8 

64 

2.6 





37 

. . 1.0 



23 

Period II 0.2 



38 

. . 0.9 



24 

... 0.5 



40 

. . 0.9 

63 

3.0 

26 

... 0.7 

65 

2.9 

41 

. . 1.0 


•» 

27 

... 0.9 







28 

... 1.0 



42 

. . 0.6 



29 

. . . 1.4 

65 

2.8 

43 . 

. . 0.8 

62 

2.9 

30 

. . . 1.6 



65 


72 

3.3 


Period I (first 21 days) ; no treatment. 

Period II (from 22d to 41st day); prep. No. 4, 25 cc. daily, incubated with 70 
to 140 cc. normal gastric juice. 

From 43d day; treatment with ventriculin and, later, with liver extract. The 
retardation of the remission is due presumably to the complicating pyuria (B. coli). 


Case S. — This patient was in a rather poor eondition when he 
entered the hospital. To begin with, we had planned a foreperiod 
of 10 days in which the patient was to have only preparation No. 4, 
distiller’s yeast extract autoclaved for 5 hours. After 5 days, 
however, in which the general condition of the patient was aggra- 
vated, we thought it would, not be justified to keep on longer with 
this medication alone. Besides, in a previous test (Case 1) prepa- 
ration No. 4 had already proved perfectly ineffective or almost so. 
We then went on to give the patient a mixture of preparation No. 4 
and gastric juice, with a ■\dew to the possibility that this mixture 
might show some effect because the state of the blood in this case 
left plenty of room for improvement. 

Table S. — Results of Treatment in Case 8. 



Reties., 

Hb., 

R.B.C., 


Reties., 

Hb., 

R.B.C., 

Days. 

% 

% 

millions. 

Days. 

% 

% 

millions. 

1 


35 

1.2 

13 . . . 

0.2 







14 . . . 

0.2 

28 

1.1 

2 

Period I 0.1 



15 . . . 

0.5 



4 

. . . 0.6 

30 

1.0 

16 . . . 

0.6 



5 

. . . 0.4 







6 

... 0.5 

29 

1.0 

18 Period III 

1.1 

30 

1.3 

7 

. . . 0.2 



19 . . . 

1.7 




T 



20 . . . 

2.7 



8 

Period II 0.2 



21 . . . 

2.3 

28 

1.1 

9 

. . . 0.5 



22 . . . 

2.4 



10 

... 0.2 







11 

. . . 0.2 

27 

1.0 

23 . . . 

1.9 

32 

1.1 

12 

. . . 0.3 



39 . . . 


52 

2.2 


Period I (from 24 to 7th dasO : prep. No. 4, 20 cc. daily — no gastric juice. 

Period II (from Sth to IGth day); prep. No. 4, 20 cc. daily, incubated with 100 
to 170 cc. normal gastric juice. 

Period III (from 17th to 22d day); injection of liver extract in doses which wore 
assumed to be sufficient. Apparontlj’ the preparation was inactive. Therefore, 
From 23d day; ventriculin in usual doses (typical remission). 
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Result (Cases 7 and 8).— Administration of vitamin Brfree 
distiller’s yeast, extract (autoclaved for 5 hours at 120° C,), con- 
taining 200 to 300 effective rat doses of vitamin B _2 per daily dose, 
gives no demonstrable antianemic effect after incubation vntli 
normal gastric juice in sufficient doses for 5 to 7 hours and 24 hours, 
respectively. So the longer incubation time has not furthered the 
production of antianemic active principle. 

Conclusions. .In accordance with Wills, studying tropical macro- 
cytic anemia, we have to conclude from the results of our tests that 
the extrinsic factor desired in the treatment of classical pernicious 
anemia is not identical with the- B 2 fraction of the ^ntamin B com- 
plex and, probably, not with any other fraction of this vitamin. 
On the other hand, these studies suggest that some sorts of 5 ’^east 
(or yeast preparations) contain certain amounts of an antianemic 
principle, presumably similar to the substance demonstrated in 
“Vegex” or “Marmite”— that is, if the incomplete remissions 
observed in some of these cases are not to be regarded as sponta- 
neous. If this active principle be actually present in ordinary 
yeast, it most likelj’' is preformed or produced through the procedure 
of autolysis, as it was not practicable with certainty to ascertain 
any increase in its amount after incubation with normal gastric 
juice in sufficient doses for periods varying between 1 hour and 
24 hours. 

Yeast is thus entirely without any antianemic effect under the 
conditions of tliis study; or, “at best,” it contains only insignificant 
amounts of antianemic factor. 

Summary. Eight patients with typical pernicious anemia have 
been treated with various yeast preparations, given partly without 
additions of any hind, partly after incubation with normal gastric 
juice. 

These yeast preparations are assayed by tests on rats as to their 
contents of ^^tamins Bi and B 2 . One preparation which contained 
no Bi was found to be highly effective against experimental Bo 
deficiency in rats. 

The extrinsic factor searched for by Castle is not identical with 
vitamin Bo, nor with Bi, and presumably not with any other fraction 
of the ^’itamin B complex. 

A east appears to be either completely without any antianemic 
effect, or it possibly contains minimal amounts of antianemic factor. 

On addition of normal gastric juice it has not been practicable 
with any degree of certainty to ascertain an increase in the content 
of active antianemic principle. 
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STUDIES ON THE EFFECT OF NARCOSIS ON THE RATE OF 
LOCOMOTION OF POLYMORPHONUCLEAR 
LEUKOCYTES IN VITRO. *t 

By Harry Loavenburg, Jr., A.B., 

PHILADELPHIA. PA. 

(From the Department of Pathologj% University of Pennsylvania.) 

The experiments herein reported AA’ere designed to answer one 
phase of the folloAA’ing question: Has general anesthesia any effect 
on the resistance of the body to infection? The effect of anesthetics 
on the locomotion of leukocytes is the more immediate phase here 
considered. 

The mobilization of leukocytes is an essential element in cellular 
immunity. Since mobilization is dependent upon locomotion, it 
follows that by altering the rate of locomotion of leukocytes anes- 
thetics may thereby alter the cellular reaction to infection. It is 
obAuous that in sufficient concentrations they would narcotize the 
cell and so inhibit locomotion. This would conceiA’ably affect 
resistance to infection unfaA’orably. But what would lower con- 
centrations do? They' would possibly increase the motility by 
decreasing cell A’iscosity or by some other means. Bond^ stated 
that leukocytes of patients under ether narcosis shoAved increased 
motility (though he did not report any actual measurements). On 
tlie other hand. Pantin- found no concentration of narcotic tliat 
increased motility of amebse. Noaa" increased motility in itself might 
tend to increase resistance to infection. Therefore, I sought any 
concentration of narcotic that w’ould increase the rate of locomotion 

* Read before the Twenty-sixth Annual Meeting of the Undergraduate Medical 
Society of the University of Pcnnsjdvania, April 26, 1934. 

t This investigation has been aided by a Grant of the Committee on Therapeutic 
Research of the Council on Pharmacy and Chemistry of the American Medical 
Association. 
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of polymorphonuclear neutrophils. In the folloRung experiments 
chloroform was used as the type drug. 

Technique. The method employed in these experiments was essentially 
that of McCutcheon^ as used by him in studying the normal rate of loco- 
motion of leukocytes. A drop of blood mixed with the chloroform in the 
ratio of 4 parts of blood to 1 part of chloroform dilution was placed upon a 
carefully cleaned coverslip. The latter was then gently placed upon a 
similarly cleaned glass slide so that the drop would spread evenly in all 
directions. The preparation was then rimmed with vaselin Jn order to 
e.xclude air and placed in a warm box maintained at 37.5° C. Final 
dilutions of chloroform, ranging from M/64000 to M/125 in geometrical 
progression constituted the series employed. 



M M M JM. 

16000 1000 250 f25 
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Fig. 1. — Representation of cell movements under various concentrations of chloro- 
form for 10-minute periods. 


It is important that these procedures be carried out rapidly and with as 
little damage to the cells as possible. Therefore, the mixing of the two 
solutions was accomplished by gently dratving them up into the lumen 
of a pipette and then gently expelling them. This procedure 'svas repeated 
several times. To insure as close an approximation to physiological condi- 
tions as possible the preparation was allowed to remain in the warm box on 
the stage of the microscope for at least 45 minutes before observations were 



Fig. 2. — Average rate of locomotion at various concentrations. 


begun. This was ample time for the cells to recover from the effects of 
dulling and of the manipulations so that they had once more resumed their 
normal movements. McCutcheon’ found that under these conditions the 
cells maintained normal locomotion for about 7 hours. He also found that 
after ciiilling, the cells upon regaining body temperature would resume 
their normal movements.'' Therefore, the relative complexity of the above 
procedures appear justifiable. 
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The observations were recorded by means of a Zeiss dramng ocular. 
The cells were observed through the high dry power of the microscope, 
their images being reflected onto a sheet of paper by means of the drawing 
ocular. The movements of each cell were observed over a period of 10 
minutes, its position at the end of every minute being noted by means of 
a pencil-point mark in the center of its longest axis. In tliis manner a 
series of dots were obtained which when connected represented the move- 
ments of the cell over the 10-minute period. Typical results are repre- 
sented in Fig. 1. Generally, not more than 3 neutrophils appear in the 
field, and at any one time during the experiments not more than 3 cells 
were followed. From 10 to 15 cells were observed in any one preparation, 
and these constituted one experiment. 

Control determinations were made throughout the course of the experi- 
ments -without the addition of chloroform. As before, the blood was diluted 
in the ratio of 4 parts of blood to 1 of diluent, the latter being normal 
saline. The blood of the same normal person was used throughout the 
course of the experiments. 
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Fig. 3. — Classification of cells in percentage groups. 
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Results. The cells were classified according to the average rate 
of locomotion per minute. (Fig. 3.) They were further placed 
into 4 groups according to their rate over the 1-minute period, 
viz., those cells mo-ving from 0 to 10 micra per minute constituting 
the first group; 11 to 20, the second; 21 to 30, the third; and 31 to 40, 
the fourth. As the distribution of cells in the saline controls and 
in the 3 lowest concentrations of chloroform is very similar, it is 
suggested that in these concentrations chloroform had no effect. 
However, in higher concentrations there is observed an increasing 
shift toward a slower rate, indicating a definite and progressive 
effect of the chloroform in decreasing the rate of locomotion. There 
is no eHdence that in any concentration chloroform increases the 
rate of locomotion. 

In the control experiments of the present series an average rate 
of 28 micra per minute was obtained. (Fig. 2.) McCutcheon 
found the average rate under normal conditions and a similar 
technique to be 34 micra per minute. This difference Avas to be 
anticipated as the cells were subjected to mpre manipulations and 
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the blood was diluted with saline in these experiments. Fig. 2 
also shows that there was no significant variance between the effect 
of low concentrations of chloroform on the cells and under control 
conditions. A sharp fall in the average rate of locomotion is noted 
when higher concentrations are reached. 

Discussion. The results of these experiments reveal no con- 
centration of chloroform that increases the rate of locomotion of 
polymorphonuclear leukocytes. Little effect of the narcotic on 
the cells was observed until concentrations strong enough to narco- 
tize the cells were reached. It is interesting to note the variance 
in the susceptibility of the different cells to narcosis. This phenome- 
non is best illustrated at a chloroform concentration of M/250. 
It is at this concentration that we first note a decided narcotic 
effect. Nevertheless we still find cells moving between 31 and 
40 micra per minute. It is true that the cells were well distributed 
among the three highest groups in the control ex'periments, but no 
cell was found to be moving at a rate greater than 40 micra per 
minute. Therefore, it appears obvious that all the cells are not 
affected equally by the chloroform. An adequate explanation of 
this finding is lacking. Certainly all the cells in the various groups 
were subjected to the same concentration of the narcotic. 

The relatipn between the concentrations of chloroform used under 
the conditions of these experiments and those in the blood during 
surgical anesthesia is an apparent question. Several sets of figures 
relating to the concentration in the blood during anesthesia are 
available in the literature. They follow: Nicloux,® 0.05% (dog); 
Tissot,® 0.0291 to 0.0464% (dog); Buckmaster and Gardner,^ 0.026 
to 0.05% (cat); VanDessel,^ 0.023 to 0.0247% (man). 

Van Dessel’s figure in man is slightly lower than those occurring 
in animals. However, both Van Dessel® and Alcock® state that 
the differences in the concentrations between the various animals 
(including man) are not sufficient to vary the conclusions to be 
drawn from them. From these figures it is seen that during anes- 
thesia the concentration of chloroform in the blood lies somewhere 
between 0.023% and 0.05%, or in molar concentrations between 
M/530 and M/240. There is a uniformity of opinion among Nicloux, 
Tissot, Buckmaster and Gardner, Van Dessel, and Alcock as to the 
average lethal concentration of chloroform in the blood, namely, 
slightly higher than a concentration of 0.07% (lM/180). However, 
since Buckmaster and Gardner obtained lethal effects in certain 
cases^ at a concentration of 0.045 (iM/260) and since the concentra- 
tion in man is slightly less than that in the animal, it is likely that 
the actual concentration in the blood during anesthesia is less than 
M/300. As already pointed out, a definite slowing of the cells 
occurred at concentrations higher than M/lOOO. Therefore, it is 
suggested that the same phenomenon occurs during surgical anes- 
thesia. Since the mobilization of leukocytes is an essential factor 
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in cellular immunity, it might follow that anesthesia diminishes 
this phase of the body’s resistance to infection. 

Summary. 1. A series of experiments have been carried out to 
study the effects of high and low concentrations of a narcotic 
(chloroform) on the rate of locomotion of polymorphonuclear 
leukocytes. 

2. Low concentrations of the narcotic have no apparent effect 
on the cells under the conditions of these experiments, whereas 
higher concentrations inhibit their motility considerably. 

3. The variance in the susceptibility of the cells to narcosis has 
been noted. 

4. The relation between the concentration of chloroform in the 
blood during surgical anesthesia and those used under the conditions 
of these experiments has been discussed. 

I am indebted to Morton McCutcheon for his help in suggesting and carrying 
out this problem. 
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THE RELATION BETWEEN THE TOTAL RETICULOCYTE 
PRODUCTION AND THE DEGREE OF BONE MARROW 
INVOLVEMENT IN PERNICIOUS ANEMIA.* 

■ By Frank H. Bethell, 

INSTRUCTOR, DEPARTMENT OF MEDICINE, AND RESEARCH ASSISTANT, UNIVERSITY 
OF MICHIGAN, ANN ARBOR, MICH. 

(From the Thomas Henry Simpson Memorial Institute for Medical Research, 
Cyrus C. Sturgis, Director, University of Michigan.) 


Among the many observations of the effeet of liver and stomach 
therapy upon persons suffering with pernicious anemia, probablj" 
the most striking concerns the quantitative relationship between 
the erythrocyte level at the beginning of treatment and the sub- 
sequent increase in the percentage and absolute number of reticulo- 
cytes. 

The extensive studies of Minot and his associates,^'^ Riddle,'' 
Bethell and Gbldhamer,^ supported by many other observers, clearly 
demonstrated that the peak of tlie reticulocyte rise bears an inverse 
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cytes are released before they have attained full maturity. In the 
usual case of pernicious anemia receiving optimal doses of liver 
or stomach, the duration of the reticulocyte response varies between 
10 and 15 days regardless of the level of the red blood cells. How- 
ever, an individual will be encountered occasionally, who displays 
a more sustained response, the reticulocyte percentage being ele- 
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Fig. 3. — Close approximation of curves based on actual blood counts and on counts 
interpolated from -weekly observations. 


vated over a period of 20 days or longer. In such a case the maxi- 
mum percentage is usually appreciably less than would have been 
expected on the basis of the initial red blood cell count. Further- 
more, some individuals exliibit a rapid rise of the reticulocytes to 
a relatively liigh level followed by an equally precipitate decline, 
while others with approxunately the same red blood cell count 
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reach a somewhat lower level and maintain it for 3 or 4 days (Figs. 
1 and 2). Such variations in the type of response suggest the 
importance of determining a measure of the total reticulocyte 
production regardless of the rate or the maximum value obtained 
at any given time. The present study was designed to establish, if 
possible, the relation between the entire reticulocyte response 
and the initial degree of bone-marrow involvement, as evidenced 



Fia. 4. — Relationship between the total plotted area in square cm. and initial red 
blood cell count in patients with pernicious anemia recei\Tng liver extract orally and 
desiccated stomach. 


by the red blood cell count at the beginning of treatment in patients 
who subsequently obtained satisfactory remissions induced by 
liver extract or desiccated stomach therapy. 

Method. The patients, from whom the data under consideration were 
obtained, were seen at this Institute between 1927 and 19.33. The diagnosis 
of pernicious anemia was established by clinical and laboratory criteria 
as well as bj'^ the subsequent r^ppnse to specific anti-anemic therapy. 
Liver extract (343 N. R.) or a similar extract was administered by mouth 
daib' in an amount derived from 600 gm. of liver, to 41 patients. Desic- 
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cated stomach (Ventriculin) was given in a daily dosage of 40 gm. obtained 
from 265 gm. of fresh stomach tissue to 33 patients. The erj’throc 3 '-te 
determinations were made vdth TJ. S. Bureau of Standard certified pipettes 
and hemacytometers. The reticulocj4e percentages were estimated bj' 
counting the number present in 1000 red blood cells, using cover-glass prepa- 
rations supravitally stained with brilliant cresjd blue and counter stained 
with Wright’s stain. 

It was found that a satisfactor 3 ’' measurement of total reticuloc^Te pro- 
duction could not be obtained by the use of percentage values. Minot and 
his collaborators emphasized the value of determining the absolute number 
of reticulocytes, but as this procedure requires practicall 3 ’- da^ red blood 
cell counts and has few advantages in estimating the response to treatment, 
it has been displaced b 3 '’ the study of the percentage only. For the present 
purpose it was necessary to have daily red blood cell counts as well as reticu- 
locyte percentages. Since few of the cases studied offered such data a com- 
promise was effected whereb 3 '^ the absolute nmnber of reticuloc 3 ’tes was 
calculated by multipbdng the dail 3 '' percentage value by the er 3 ^hroc 3 de 
count made on the nearest da 3 ^ As red blood cell coimts were made at 
least once a week on aU patients, the value used in making the calculations 
was within the limit of error when compared with the actual er 3 ^throc 3 ^te 
level. The data given in the following tables and chart, obtained from 
cases on whom dail 3 ' red blood ceU counts were made, shows the close approx- 
imation of the results derived by calculation of the red blood cell level using 
weeMy counts and those secured b 3 ’- utilizing the da% counts (Tables 1 and 
2, Fig. 3). 

Table 1.— Method of Calchl.wing Concentration of Retichlocytes Per c.mm. 

AND Comparison of Values Obtained by Calculation and by Actual 

Determination. 



Rod blood cells 
(in millions per 

Reticulocyte 

Absolute No. of 
reticulocytes 
calculated from 
daily red cell 

Absolute No. of 
reticulocytes 
calculated from 
weekly red cell 

Days. 

1 

c.mm,). 

1.60 

percentage. 

1.6 

counts per c.mm. 

counts per c.mm. 

2 

1.4S 

O.S 

13,320 

14,400 (1.60) 

3 

1.64 

•0.6 

9,880 

9,600 (1.60) 

4 

1.61 

2.6 

41,860 

38,220 (1.47) 

5 

1.61 

3.4 

54,740 

49,980 (1.47) 

6 

1.56 

9.6 

148,760 

141,120 (1.47) 

7 

1.47 

0.1 

89,670 

89,670 (1.47) 

S 

1.44 

14.3 

205,920 

200,210 (1.47) 

9 

1.69 

21. S 

368,420 

320,460 (1.47) 

10 

1.61 

26.4 

425,010 

388,080 (i.47) 

11 

1.67 

IS. 7 

312,290 

349,690 (1.87) 

12 

1.74 

21.9 

381,060 

409,530 (1.87) 

13 

2.04 

13.4 

273,360 

250,580 (1.87) 

14 

1.87 

14.0 

261,800 

261,800 (1.87) 

15 

l.SO 

9.3 

107,400 

173,910 (1.87) 

16 

1.5S 

S.5 

134,300 

158,950 (1.87) 

17 

1.91 

11. S 

225,380 

220,600 (1.87) 

IS 

21 

1.95 

2.73 

2.S 

54,600 

76,440 (2.73) 


The values to the right of the last column are those of the erj'throcyte count used 
in making the calculation. This patient received 40 gm. of Ventriculin daily. 


The concentration of reticulocytes was determined da^, using the method 
just described, commencing one da 5 ’' after the beginning of treatment and 
continuing until the reticuloc 3 de percentage was vuthin 1 % of that found 
on the da 3 ' treatment was instituted. The values were plotted on standard 
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graph paper, the ordinate being time represented in days, 0.2 inch (0.504 
cm.) representing 1 day; the abscissa being the number of reticulocytes 
per c.mm.,' 0.2 inch (.504 cm.) representing 10,000 reticulocytes. Using 
the base as one side of the curve, the area of each graph was determined 
with a planimeter. 

Table 2.— Comparison op the Area Occupied by the Graph of the Daily 
Reticulocyte Numerical Changes, Plotted on Paper, When Made 
FROM THE Actual Daily Red Blood Cell Counts and prom 
Counts Interpolated from Weekly Determinations. 


Patient. , 

Initial red 
blood cells 
million per c.mm. 

Area on 
actual count, 
sq. cm. 

Area on 
calculated 
count, 
sq. cm. 

Per cent 
error. 

1. M. F. 

0.86 

40.9 

40.7 

0.5 

2. I. G. 

2.04 

44.9 

45.1 

0.4 

3. B. H. 

1.27 

30.1 

30.8 

2.3 

4. F. H. 

1.52 

40.2 

39.3 

2.3 

5. C. J. 

1.91 

32.8 

32.7 

0.3 

6. G. J. 

0.78 

36.0 

35.6 

1.1 

7. W. M. 

0.82 

92.3 

95.1 

3.0 

8. P. S. 

0.64 

55.1 

56.0 

2.7 


Maximum error 3.0%. Average error 1.58%. Patients 4 and 5 were treated with 
Ventriculin; the others received liver extract by mouth. 


From the data obtained, formulas were constructed by which a measure 
of the expected total reticulocyte response can be secured from a knowledge 
of the initial red blood cell count. 


For liver extract by mouth 


Rr 


67.37 

.369 

Eo 


For desiccated stomach 


Rr 


86.93 

—^sq. cm. 
Eo 


In wliich Rr is the “area of the reticulocyte response” in square centi- 
meters and Eo the initial erythrocyte count (millions per c.mm.). 

By the use of these formulas curves were prepared for the “ area of the 
reticulocyte response” similar to those devised by Riddle'* and by Bethell and 
Goldhamer® for the maximum reticulocyte percentage response in terms of 
the initial red blood cell level (Fig. 4). 


It was found that, while the inverse relationship between the 
initial erjdhrocyte concentrations and the total production of 
reticulocytes is much less marked than in the case of the maximum 
reticulocyte percentage response, nevertheless, such a relationship 
does exist, and the total area of the graph is uniformly proportional 
to the level of the red blood cells at the beginning of treatment. 

Summary and Conclusions. In an effort to estimate the compara- 
tive quantities of reticulocytes produced during the initiation of a 
remission in different pernicious anemia patients, the areas circum- 
scribed by the graphs of the “reticulocyte responses” plotted on a 
standard paper, w^ere measinred in square centimeters. 

The value so obtained for any patient is an expression of the 
total reticulocyte response of that patient. 
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There is a direct relationship between the degree of bone-marrow 
involvement, as evidenced by the severity of the anemia, and the 
summation of the reticulocyte response as represented by the area 
of the graph. Formulas are given which express this relationship. 
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THE RELATION OF AMIDOPYRIN AND ALLIED DRUGS TO THE 
ETIOLOGY OF AGRANULOCYTIC ANGINA. 

By Henry Jackson, Jr., M.D., 

ASSISTANT PROPESSOR OP MEDICINE, HARVARD MEDICAL SCHOOL, 

BOSTON, MASS. 

(From the Thorndike Memorial Laboratory, 2d and 4th Medical Sendees (Harvard) ; 
the.Pathologioal Laboratory, Boston City Hospital; the Department of Medicine 
and the Collis P. Huntington Memorial Hospital, Harvard University.) 

A NUMBER of authors*"” have recently suggested that amidopjTin 
(pyramidon) and other drugs of similar nature which contain a 
masked benzene ring may be the cause of the clinical syndrome 
agranulocytic angina. The evidence presented in support of this 
hypothesis consists in the fact that one or more drugs df this class 
have been taken by the patient in considerable quantities for vary- 
ing periods of time prior to the onset of the disease and supportive 
evidence is believed to be afforded by the known leukotoxic effect 
of benzene, together with the fact that the drugs under suspicion 
contain a modified benzene ring. Madison and Squier” found, 
furthermore, that in 2 of their patients a brief drop in leukocyte 
count followed the administration of small doses of these drugs 
after the patients had recovered from their original attack. Hoff- 
man, Butt and Hickey^ noted that “the only common factor in the 
12 cases seen had been the ingestion of amidopyrine.” No details are 
supplied as to the clinical or hematologic pictures in the cases under 
observation. Madison and Squier” also note that all 6 of their 
cases which continued to take amidopyrin died, whereas in 8 cases 
in which the drug was prohibited after the onset the mortality was 
only 15 %. The serious implications of these allegations are obvious. 
A general summary of tlie situation has recently been presented.^ 
In consideration of tlie etiology of any condition, several points 
must be constantly borne in mind. Chance alone may play havoc 
with our reasoning. To amidopjTin and allied drugs that are taken 
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in enormous quantities all over the world, it is tempting to attribute 
the development of this very serious and baffling condition, agranu- 
locytic angina, which has become so prominent within the past 
few years, coincident with the increasing use of these drugs. Two 
points, however, have not received sufficient attention. F ew authors 
have given careful consideration to the actual temporal relation of 
the drug administration to the hematologic picture, both before, 
during and after the disease, and too little attention has been paid 
to the fact that under the name of agranulocytic angina there are 
undoubtedly several entirely different pathologic entities giving rise 
to similar hematologic and clinical pictures. 

The best criteria for the diagnosis of agranulocytic angina that 
we know of at present are a greatly reduced white blood cell count 
with almost complete absence of polymorphonuclear cells and a 
virtually unimpaired red blood cell and platelet count. There should 
be no bleeding from the mucous membranes or other surfaces, no 
enlargement of the lymph nodes not readily accounted for by local 
sepsis and no notable enlargement of the spleen. At the height of 
the disease there should be few if any immature white blood cells 
in the peripheral circulation. Neither the fever nor the ulcerations 
are characteristic. The latter may be absent. The bone-marrow 
from the vertebra, sternum and femur should show approximately 
the same picture, namely a cessation of maturation of the white 
blood cells at the stem-cell stage. It should be said, however, that 
the pathologic findings are as yet but little known and probably vary 
considerably from case to case. There should be no other disease 
present which could logically explain the leukopenia. 

Extreme leukopenia with relative or complete absence of the 
granular white blood cells is not pathognomonic of a single patho- 
logic entity. Such findings do not by any means make the diagnosis 
of agranulocj^ic angina. Yet such is often thought to be the case. 
Extreme leukopenia is seen characteristically in true agranulocytic 
angina, not rarely in aleukemic leukemia, sometimes in miliary 
tuberculosis of the bone marrow, Hodgkin’s disease, metastatic 
bone carcinoma and probably a variety of other obscure conditions. 
It is found in certain patients with overwhelming sepsis. One 
etiologic agent cannot underly all these conditions and without ques- 
tion their differential diagnosis during life may be extremely diffi- 
cult or even impossible. Furthermore, it must be remembered that 
the prodromal symptoms of agranulocytic angina are frequently 
such as to call for the administration of antipyretics and it is easy 
to attribute the subsequent development of signs and symptoms to 
the therapy given, whereas they may in reality be merely a coin- 
cidental series of events. This is particularly the case when the 
dnigs have been given for a brief time only and the leukopenia is 
discovered shortly afterward. 

From our cases presenting what we believe to be the classical 
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picture of agranulocytic angina, 27 cases have been selected for 
study. The only basis for this selection has been the possession of 
accurate and unequivocal evidence as to the administration of 
amidopyrin and allied drugs. No case which might properly be 
classed as aleukemic leukemia is included. Those cases which came 
to autopsy presented findings consistent with the diagnosis of 
agranulocytic angina. Yet the point must, we believe, be stressed 
that at present the diagnosis of this condition is fraught with much 
difficulty, and time alone will tell whether from among the cases 
showing extreme leukopenia may be segregated a true disease 
entity. Until such a time it is wise to be guarded in our conclusions 
as to etiology. 

From the table it can be seen that to Patients 1 to 7 the suspected 
drugs were given in considerable quantities rather regularly and for 
some time prior to the onset of the recognized disease. In these 
cases the therapy may tentatively be regarded as causative. The 
reasons for the administration of such therapy were various, but in 
no case could it be properly said that the drugs were given for the 
relief of premonitorj'’ symptoms of agranulocytic angina. Thus, 
approximately 26% of the cases studied may possibly be attributed 
to the administration of the drug, or at least the therapy may be 
regarded as having an accelerating factor in a patient already subject 
to the disease in a subclinical form. There is.no absolute proof; but 
the facts are suggestive. Thus far our data support the thesis of 
those authors who would incriminate the amidopyrin group of drugs. 
Of these 7 cases, 5 were adequately treated with Pentnucleotide 
(N. N. R.) and all are now alive and well. Two received no treat- 
ment and died. Madison and Squier^ report that all their patients 
who continued to take the drug died. Of our 3 patients who con- 
tinued to take amidopyrin during their attacks, 1 died and 2 recov- 
ered. Case 5 continued to take pyramidon regularly and also to 
have repeated temporary attacks of neutropenia. On withdrawal 
of all drugs of the amidopyrin series these temporary attacks ceased. 

Seven patients (Nos. 8 to 15) were given at various times drugs 
of the amidopyrin group, and without careful analysis these drugs 
might easily be incriminated as the cause of the condition. Yet 
careful scrutiny of the evidence points in the opposite direction. 
The mortality in this group was 30%. All were treated with Pent- 
nucleotide. It is worth while to examine some of these cases more 
carefully because, as stated above, without careful scrutiny the 
amidopyrin might have been incriminated. In Case 9 there was a 
history of at least 10 major attacks, each occurring at the time of 
menstruation, with a progressive fall in the average white blood cell 
level over a year’s period. With each attack a lower level was 
reached. Each recovery was a little less satisfactory. In the midst 
of her fifth attack she was given 40 grains of pyramidon over a 
period of 4 days, and during this time her white blood cell count 
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rose from 800 per c.mm. with no neutrophils to 3700 per c.mm. with 
64% neutrophils. During this time she had been under Pent- 
nucleotide therapy. In another attack she was given 30 grains of 
pyramidon over a period of 3 days and during this time her white 
blood cell count rose from 1600 per c.mm. with 1% neutrophils 
to 3300 per c.mm. with 33% neutrophils and continued rapidly to 
reach a normal level. Thus, relatively large doses of the drug, 
even at the height of the disease, had no deleterious effect. 

Fla. 1 . — The Relation of Amidopyhin and Allied Drugs to the Etiology 
OF Agranulocytic Angina. 
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1 . . . 

88 

F 

1 

500 

0 

75 days 

Yes 

0 

Causative 

Dead 

2 . . . 

55 

F 

1 

300 

0 

45 days 

Yes 

0 

Causative 

Alive 

3 . . . 

30 

F 

1 

3200 

0 

30 days 

0 

0 

Causative 

Dead 

4 . . . 

08 

F 

1 

200 

0 

30 days 

0 

0 

Causative 

Alive 

5 . . . 

55 

F 

Many 

700 

0 

3 years 

Yes 

Yes 

Causative 

Alive 

6. . . 

GO 

F 

1 

1000 

0 

60 days 

0 

0 

Causative 

Alive 

7 . . . 

00 

F 

1 

800 

0 

14 days 

0 

0 

Causative 

Alive 

8 . . . 

50 

F 

Many 

2900 

5 

Occ. 

0 

0 

0 

Alive 

9 . . . 

30 

F 

10 

200 

0 

0 

Yes 

0 

0 

Dead 

10 . . . 

GO 

M 

1 

200 

0 

Occ. 

Yes 

Yes 

0 

Alive 

11 . . . 

50 

F 

Many 

400 

0 

14 days 

Yes 

Yes 

0 

Alive 

12 . . . 

50 

F 

1 

2000 

2 

Irregularly 

Yes 

Yes 

0 

Alive 

13 . . . 

38 

F 

1 

300 

0 

Irregularly 

Yes 

Yes 

0 

Alive 

14 . . . 

25 

F 

3 

1200 

0 

5 mos. before 
let and 2d, 
none before 
3d 

0 

0 

0 

Alive 

15 . . . 

50 

F 

3 

500 

0 

5 days 

0 

0 

0 

Dead 

10 . . . 

GO 

F 

9 

1000 

0 

0 

0 

0 

0 

Dead 

17 . . . 

50 

F 

2 

1900 

3 

0 

0 

0 

0 

Alive 

18 . . . 

GO 

M 

Many 

1000 

0 

0 

0 

0 

0 

Alive 

19 . . . 

50 

F 

1 

GOO 

0 

0 

0 

0 

0 

Dead 

20 . . . 

05 

F 

1 

450 

0 

0 

0 

0 

0 

Dead 

21 . . . 

03 

F 

1 

1100 

0 

0 

0 

0 

0 

Dead 

22 . 

72 

F 

1 

2500 

0 

0 

0 

0 

0 

Alive 

23 . . . 

35 

F 

1 

1000 

0 

0 

0 

0 

0 

Dead 

24 . . . 

37 

F 

1 

1000 

0 

0 

0 

0 

0 

Dead 

25 . . . 

43 

F 

9 

500 

0 

0 

0 

0 

0 

Alive 

20 . . . 

GO 

M 

2 

2000 

0 

0 

0 

0 

0 

Alive 

27 . . . 

30 

F 

1 

1000 

2 

0 

0 

0 

0 

Alive 


Pentnucleotide was given in varying amounts to all but Cases 1, 3, 19 and 21. 


Patient 10 took Peralga rather regularly for a week prior to his 
only attack. He has, however, taken the drug in larger quantities 
since that time and, although his blood has been carefully studied. 
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no changes whatsoever have been noted. Clinically he continues 
to be well and active. In a similar manner both Patients 11 and 12 
took pyramidon and allonal before their attacks, but have also 
taken it more or less regularly since, without the slightest effect on 
their white blood cells, as evidenced by repeated examinations. 
Patient 13 had taken pyramidon irregularly for years before her 
first attack. During her second attack she was given large doses 
for 5 days and during this time, while under Pentnucleotide therapy, 
her white blood cell count rose from 300 per c.mm. with no neutro- 
phils to 1500 with 27% neutrophils. Recovery was rapid and 
complete. Case 15 was given amytal compound for 4 days prior 
to her first attack for the alleviation of sj'^mptoms which might well 
have been regarded as prodromal. No such drugs were used before 
her second attack from which she recovered, nor prior to her third 
and fulminating seizure in which she died. In a similar manner 
Patient 14 took moderate quantities (30 grains) of pyramidon each 
month at the time of her menstruation for 5 months prior to her 
first attack, and somewhat larger doses (40 grains) each month for 
4 months prior to her second attack. Since then, however, she- 
has had no drugs of this tjqie whatsoever and yet 9 months later 
had a third and equally severe seizure from which she recovered 
spontaneously. 

Twelve patients (Nos. 16 to 27) with similar, if not identical, 
clinical and hematologic pictures, received no drugs of the amido- 
pyrin series whatsoever either before, during or after their attacks. 
The mortality in this series was 50%. Ten were treated with 
Pentnucleotide with a mortality of 40%. Clinically the patients in 
this category differed in no way from those which took the drugs 
prior to their illness. 

Tentative Conclusions. 1. In 26% of the cases studied the disease 
followed the administration of amidopyrin or allied drugs., That 
in these instances the disease may have been actually caused by 
the therapy is possible, perhaps probable. 

2. In another 30% of the cases a critical examination of the 
evidence shows that in spite of the fact that these drugs were taken 
in considerable quantities they definitely have no causative relation 
to the disease. 

3. Of these patients, 44% received no drugs of this tj’pe what- 
soever, yet their clinical and hematologic pictures were similar in • 
every respect. 
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AUTOHEMAGGLUTINATION. 

By Irving Sherman, M.D., 

HEMATOLOGIST AND THANSFOSIONIST, ISRAEL ZION, TRINITY AND BROOKLYN 
women’s HOSPITALS, BROOKLYN, N. Y. 

(From the Israel Zion and Trinity Hospitals.) 


The phenomenon of autohemagglutination has lately received 
more attention, particularly in regard to blood transfusions. A 
complete survey of the literature of the subject has been presented 
by Box\vell and Bigger,^ who collected 22 cases from the literature 
up to 1927, and added 2 cases of their own to the list. In the follow- 
ing years, 5 more cases were reported by Rubaschewa,® Iwai and 
Mesai,® Le Goff,^ Manlieiras and Brunner,^ and Blenliamou and 
Nouchy.® To this series of 29, 1 can add 3 additional cases of auto- 
hemagglutination, 2 of which were repeatedly transfused without 
any untoward reaction. 

Case Abstracts. Case 1.— L. G., aged 55, female, was admitted to the 
Israel Zion Hospital suffering from lobar pneumonia of both bases. The 
patient did not have a crisis, and after 3 weeks of fever she became very 
anemic and a transfusion was suggested. In attempting to type her blood, 
autohemagglutination was found and transfusion deemed inadvisable. 

Case 2.— F. S., aged 13, female, was admitted to the Trinity Hospital 
on August 16, 1933, with staphylococcus septicemia and multiple foci of 
osteomyelitis. The patient remained in the hospital for 6 months and 
received 5 transfusions. At the time of typing her blood we found that her 
serum agglutinated her own cells, but upon warming her cells, agglutination 
occurred only %vith Type B serum. A Type A donor was used for the 
transfusions, which were tolerated without any untoward reaction. 

Case 3.-^A. G., aged 50, female, was admitted to the Israel Zion Hospital 
with the diagnosis of influenzal pneumonia and diabetes mellitus. Due to 
the severe secondary anemia a transfusion was decided upon on the 9th day. 
While tjT)ing her blood it was found that the red blood cells were agglu- 
tinated by the patient's own serum, but if the slide was warmed to body 
temperature the agglutination disappeared and the cells became separated. 
The patient was then given 500 cc. of Type 0 blood. She suffered no 
untoward reaction and 5 days later a second transfusion of 500 cc. of Type 0 
blood was given with equal success. 

Discussion. Table 1 demonstrates the beha\aor of serum and 
red cells of patient L. G., in relation to sera and cells of all 4 blood 
groups. This serum agglutinated the cells of all 4 groups as well 
as her own. The patient’s red cells were not agglutinated by any 
other serum and hence the patient classified in Group 0. 

If patients’ serum was diluted 1 to 16, agglutination occurred at 
room temperature in all groups, whereas the patient’s own cells 
and other cells of Tjq^e O were agglutinated up to a dilution of 
1 to 32. At body temperature with the serum diluted T to 2, 
figgiutination occurred only with cells of Groups AB, A and B, 
whereas cells of Type 0 and the patient’s own cells did not clump. 
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Subsequent studies on tbe relation of autoagglutination to tem- 
perature revealed that this phenomenon occurred only at tempera- 
tures below 31.5° C. The clumps of the red cells broke up as soon 
as the temperature was brought above this critical point. 

Table 1.— Aoqlutinatiok Behavior of L. G.’b Sebum and Erythrocytes. 


Serum. 

Cells. 

Agglutination. 

Type AB . 

h.G. 

0 

Type A . 

L.G. 

0 

Type B . . 

L.G. 

0 

Type 0 . . 

L.G. 

0 

L.G. . . . 

L.G. 

Clumps 

Serum. 

Cells. 

Agglutination. 

L.G. . . . 

Type AB 

Clumps 

L.G. . . . 

Type A 

Clumps 

L.G. . . . 

Type B 

Clumps 

L.G. . . . 

Type 0 

Clumps 

L.G. . . . 

L.G, 

Clumps 


Serum L. G. 


Cells. 



20° C. 



37° 

C. 

1/2 

1/4 

1 

1/8 ; 

1 

1/16 

i 

1/32 

1/40 

1/2 

1/16 

Type AB . 

Clumps 

Clumps 

Clumps! 

Few 

0 

0 

Clumps 

0 

Type A 

Clumps 

Clumps! 

Clumps 

Few 

0 

0 

Clumps 

0 

Type B . . 

Clumps 

Clumps] 

Clumps 

Few 

0 

0 

Clumps 

0 

Typo 0 . . 

Clumps 

Clumps 

Clumps 


Few 

clumps 

0 

0 

0 

1 

L.G. . . . 

Clumps 

Clumps 

Clumps 

Clumps 

Few 

clumps 

0 

0 

0 


Table 2. — Agglutination Behavior op F, S.’s Serum and Erythrocytes. 


Serum. Cells. Agglutination. 

Type AB F.S. Clumps 

Type A F.S. 0 

Type B F.S. Clumps 

Type O F.S. Clumps 

F^S F.S. Clumps 

Serum. Cells. Agglutination. 

F.S Type AB Clumps 

F.S Type A Clumps 

F.S Type B Clumps 

F.S Type O Clumps 

F.S F.S. Clumps 


Scrum F.S. 


Celia. 



o 

o 

C. 



37 

>C. 

1/2 

1/4 

1/8 

1/16 

1/32 

1/40 

1/2 

1/10 

Type AB , 

Clumps 

Clumps 

Clumps 

Clumps 

Few 

0 

Clumps 

0 

Type A . . . 

it T M ■ > 

Clumps 

Clumps 

Clumps 

Few 

0 

0 

0 

Typo B . . . 

i 1 M 9 1 

Clumps 

Clumps 

Clumps 

Few 

0 

Clumps 

0 

Type 0 . . . 

a 

Clumps 


Clumps 

0 

0 

0 

0 

F.S 

Clumps 

Clumps 

|B| 

Clumps 

Few 

0 

0 

0 
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Similar studies with the blood cells and sera of Cases 2 and 3 
are presented in Table 2 and Table 3. The findings are identical 
in all 3 eases, with critical temperature at 30° C. in Case 2 and 
30.5 in Case 3. Case 2 belonged to Type A, whereas Case 3 was 
a Type 0 like the first case. 

Table 3.— Agglutination Behavior of A. G.’s Serum and Erythrocytes. 


Serum. 

Cells. 

Agglutination. 

Type AB 

. . . A.G. 

0 . 

Type A 

. . . A.G. 

0 

Type B 

.... A.G. 

0 

Type 0 

. . . A.G. 

0 

A.G 

. . . A.G. 

Clumps 

Serum. 

Cells. 

Agglutination. 

A.G 

Type AB 

Clumps 

A.G 

. . . Type A 

Clumps 

A.G 

. . . Type B 

Clumps 

A.G 

Type 0 

Clumps 

A.G 

. . . A.G. 

Clumps , 


Scrum A. G. 


Cells. 



20° 

C. 



37° 

C. 

1/2 

1/4 

1/8 

1/16 

1/32 

1/40 

1/2 

1/16 

Type AB 

Clumps 

Clumps 

Clumps 

Clumps 

0 

0 

Clumps 

0 

Type A . . . 

Clumps 

Clumps 

Clumps 


0 

0 

Clumps 

0 

Type B . . . 

Clumps 

Clumps 

Clumps 


0 

0 

Clumps 

0 

Type 0 . . . 

Clumps 

Clumps 

Clumps 

Clumps 

Few 

0 

0 

0 

A.G 

Clumps 

Clumps 

Clumps 

Clumps 

Few 

0 

0 

0 


While we did not dare to transfuse Case 1, we decided to resort 
to transfusion as a life-saving procedure on Cases 2 and 3, in spite 
of the abnormal behavior of their blood. All precautions were 
taken to forestall the occurrence of autoagglutination in the patients, 
incidental to a lowering of their body temperature. Twenty 
minutes prior to the performance of the transfusion, an electric 
baker was applied to their chests and extremities. The arm was 
wrapped in an electric hot pad and kept there during the entire 
procedure. Case 2 received 300 cc. of blood at her first transfusion 
and tolerated this without any untoward reaction. Case 3 received 
500 cc. of blood and subsequently other transfusions of also 500 cc., 
which were equally well tolerated. 

These experiences seem to prove that transfusions are not more 
dangerous to patients showing autohemagglutination than to other 
persons. The additional warming of the patient’s body is perhaps 
not absolutely necessary, but adds an additional margin of safety. 

The blood of Case 3, examined several weeks later, at a time 
when her temperature had returned to normal, did not show auto- 
agglutination at room temperature any more. The phenomenon. 
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however, could be elicited by placing the serum and red cells in the 
ice box for 5 minutes. At room temperature the cell clumps broke 
up again and agglutination disappeared. In all 3 cases, similarly 
to most previous observations, autoagglutination oceurred in the 
course of a febrile infectious condition. 

Two patients suffered with pneumonia and the third with osteo- 
myelitis due to staphylococcus infection. Only 1 of the 3 patients 
(Case 3) had a slight degree of jaundice. Anemia of a severe secon- 
dary type was present in all 3 cases. The spleen was enlarged in 
Case 1. 

The relative rarity of autoagglutination and its coincidence with 
severe infection, anemia and affections of liver or spleen is again 
emphasized by these 3 observations. It was claimed recently by 
Rubaschewa^ that autoagglutination occurred also in perfectly 
healthy people but was usually not detected in the course of ordinary 
blood counts, which are done with diluted blood and, therefore, 
reveal only instances of autoagglutination if the titer of the serum 
is at least 1 to 200. While this objection is pertinent, autoagglu- 
tination still appears to be rare, if this phenomenon was observed 
only 3 times in the course of tj'ping and matching with undiluted 
blood in a series of approximately 2000 transfusions which I have 
performed during the past 7 years. 

Summary. Three cases are reported in which autoagglutination 
of the red blood cells occurred at room temperature and disappeared 
at body temperature. 

The phenomenon is due to the presence of agglutinins in the serum 
which produce clumping of red blood cells of all 4 blood groups at 
temperature below a critieal point. This point is between 30° and 
31.5° C. 

Two of the cases reported belong to Group 0 and 1 to Group A. 

All 3 cases were suffering with a febrile infectious condition. 
Reexamination in 1 case, after recovery of the patient, showed 
diminution of the agglutinizing power of the serum to an extent that 
the clumping of the red cells occurred only in the ice box, but not 
any longer at room temperature. 

Two of the 3 patients received blood transfusions 5 and 2 times 
respectively, without any untoward reaction. 
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ESTIMATION OF CARDIAC TRANSVERSE DIAMETER IN 
CHILDREN AND COMPARISON WITH CARDIAC AREA. 

By Wayne Gordon, M.D., 

INSTRUCTOR IN MEDICINE UNDER THE LASKER FOUNDATION, UNIVERSITY OF CHICAGO, 

AND 

Wright Adams, M.D., 

INSTRUCTOR IN MEDICINE. UNIVERSITY OF CHICAGO, 

CHICAGO, ILL. 

(From the Department of Medicine of the University of Chicago.) 


The desirability of expressing cardiac enlargement in mathe- 
matical terms has led to the use of various methods of measuring 
cardiac shadows by means of the Roentgen ray, either in ortho- 
diagrams or in films. Of the various measures two of the most useful 
have been cardiac area and transverse diameter, each compared 
with some standard of normal for those measures. The normal 
standards have been derived from height, age, weight, transverse 
diameter of the thorax, and various other measures. P. C. Hodges 
and EysteP derived regression equations for calculating normal 
cardiac areas in adults from height, weight, and age, and F. J. 
Hodges and Eyster^ derived similar equations for the prediction 
of normal transverse diameter. Literature with regard to methods 
is cited in these papers. 

P. C. Hodges and the writers have studied a group of normal 
children and in another papeP have presented the equation for 
prediction of cardiac area which appeared most useful in the exami- 
nation of children. We are indebted to Dr. Hodges for the privilege 
of further study of this material. The study on children was under- 
taken because the formula of P. C. Hodges and Eyster derived 
from adults was found to be unsatisfactory in predicting the normal 
frontal plane area in children. It will be shown that the relative 
usefulness of area and transverse diameter in making normal pre- 
dictions as well as the formulas themselves is different in children. 
It is the purpose of the present paper to present equations for the 
prediction of transverse diameter and to evaluate as far as possible 
the merits of the two measures of heart size as applied to children. 

Sources of Data. The subjects of the study were normal children li\dng 
at the Mooseheart City of Childhood,* Mooseheart, Illinois, aged 2.9 to 
1S.8 years and of divers builds. Teleroentgenograms were made ^th a 
target-film distance of 72 inches and with exposure times ranging from a 
half second upward. _ Orthodiagrams were made also, but because of the 
fact that they were impracticable in the youngest children the measure- 
ments of the hlms were used in the calculations. Careful physiail examina- 
tions were done on the day of the Roentgen ray examination, and the height, 

* The study was made possible through the co6ix:ration of the administration of 
Mooseheart and of the Mooseheart Laboratory for Child Research, under the direc- 
tion of Dr. M. L. Reymert. 
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weight, and sitting height were measured at the same time. Ages were 
obtained from the records of the institution and verified by the statements 
of the children. After rejection of all subjects with definite or suspicious 
evidence of cardiac disease, and of films that were technically unsatisfac- 
tory, the series comprised S5 boys and 84 girls. 

Areas and diameters were measured on film tracings and the results 
corrected for distortion due to divergence. To obtain the correction factors 
the anteroposterior chest diameter was measured on 5 children of a mde 
range of size and build and the distance from the chest wall to the film as 
it lay in the cassette holder was measured. The anteroposterior diameters 
ranged from 9 to 15 cm.; the distance from chest to film was uniformly 
1.7 cm. The assumption was made on the basis of lateral chest films from 
these children that the central plane of the heart and presumably the major 
part giving rise to the borders of its shadow laj^ at about one-third the dis- 
tance from the anterior to the posterior chest wall. This observation 
corresponds to that of Bardeen'* on adults. The object-film distance was 
estimated on this assumption, and, the target-film distance being uniformly 

182.5 cm., the target-object distance was obtained. The correction factor 
could thus be calculated by the formula. 


182.5 - (1 A. P. Diam. + 1.7) 

Factor = 

182.5 

This fraction is squared for application to area. The correction factors 
estimated for area lay between .92 and .95; for diameter between .96 and 
.98. In applying the factors to areas .930 was used for children over 10 
years of age, and .945 for children under 10; in applying them to diameters 
.97 was used throughout. 

Work now in progress on adults, with an apparatus in which the film 
is at a greater distance from the chest wall, and with subjects in whom the 
anteroposterior chest diameters are greater, indicates a possible advantage 
to the calculation of a correction factor from the anteroposterior chest 
diameter of each individual. Anteroposterior diameters were not measured 
in this series, but in view of the small range of the correction factors in 5 
subjects it is likely that no substantial error has been introduced. 

It should be noted, also, that a correction for distortion due to divergence 
does not imply any assumptions A^'ith regard to other sources of difference 
between orthodiagrams, slow films, and rapid films. These observations 
refer only to the slow film, although we feel it likely that they will also 
prove applicable to the orthodiagram. 

An explanation of the symbols used in tables and equations is given in 
Table 1. 

Table 1. — Notation. 

A — Age in years. 

H — Height in cm. 

Si — Sitting height in cm. 

tv — Weight in kg. 

F — Frontal plane area from film in sq. cm., corrected for divergence. 

F — Predicted frontal plane area in sq. cm. 

D — Transverse diameter in cm., corrected tor divergence. 

D — Predicted transverse diameter in cm. 

M — Mean. 

(T — Standard delation in the units of measurement of the variable to which it ' 
applies. 

R — Correlation coefficient. 

S — Standard error of estimate in the units of measurement of the variable to 
which it applies. 
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Statistical Analysis. Accurate definitions of statistical terms and details 
of the principles of statistical analysis are not within the scope of this paper, 
but some explanation may be of assistance to those unfamiliar with statistical 
methods. . _ ... 

The mean is the arithmetical average. The standard deviation is a measure 
of dispersion of measures about their mean. It is the square root of the 
average of squares of deviations of the measures from the mean. Correla- 
tion eoefficients, as used in this paper, are numbers between zero and one, 
when positive correlation is present, representing the degree of relationship 
of one series of measures with one {zero order correlation coefficient) or more 
{imdtiple correlation coefficient) other series of measures on the same group 
of individuals. When one series of measures tends to decrease as the others 
increase the correlation is said to be negative and the coefficient is between 
zero and minus one. A correlation coefficient of zero denotes a complete 
lack of relationship and signifies that one measure is of no value in predicting 
the other. A correlation coefficient of one or minus one denotes complete 
mutual interdependence. A regression equation is- an equation used to 
apply correlation coefficients to the prediction of one set of measures, the 
dependent variable, from one or more other sets of measures, the independent 
variable or variables, due allowance being made for intercorrelation between 
the independent varialiles when more than one is used. The standard error 
of estimate, while calculated in actual practice from correlation coefficients 
and standard deviations, represents the square root of the average of the 
squares of all differences between observed and predicted values of the 
dependent variable. 

Graphs of the combinations in pairs of the variables, cardiac area, trans- 
verse diameter, height, sitting height, age and weight revealed relation- 
ships sufficiently near to straight lines to justify the application of the 
Pearson product-moment formula and the development of regression 
equations. The determinant method was utilized for the multiple correla- 
tions; the methods are described in standard statistical textbooks such as 
that of Kelley.* 


Table 2. — Means, Standard Deviations, and Zero Order Correlation 

Coefficients. 

Zero order correlation coefficients. 



M 

<r 

D 

F 

H 

Si 

D 

9.89 

1.178 

1.000 




F 

77.30 

21 .02 


1.000 



H 

139.2 

22.28 

.709 

.887 

1.000 


Si 

74.81 

10.07 


.899 

.960 

1.000 

A 

11.00 

4.04 

.724 

.800 

.917 

.919 

w 

30.94 

14.98 

.810 

.923 

.935 

.950 

Zero 

order 

correlation coefficients. 

means. 

and 


1.000 

.90S 


W 


1.000 


..... ... .....j.v. ... ucllci wilh liic 

other measures than does transverse diameter. Both measures 
correlate better with weight than with height, and with height than 
with age. The correlations of the independent variables one with 
another indicate that either height or sitting height may be used, 
but that there is little likelihood of value in using both in the same 
formula. Age correlates quite well with both height and weight. 
Similar quantities were calculated for the sexes separately, but 
because the advantage in accuracy was slight when multiple corre- 
lations and regression equations were developed, these figures are 
dropped from further consideration. 
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Eleven equations were developed for prediction of cardiac area 
and four for prediction of transverse diameter. Sitting height offered 
a slight advantage over height in some formulas, insufficient in our 
opinion to justify the greater inconvenience of measurement, as 
the difference in the multiple correlation coefficient varied from 
.000 to .003. The formulas derived from some combinations of 
variables are listed in Table 3. With each formula is given the 
multiple correlation coefficient and the standard error of estimate; 
standard errors of the coefficients are indicated directly beneath 
the coefficients. Accuracy of prediction is indicated by the standard 
■errors of estimate and by the correlation coefficients; the probability 
of general usefulness of measures is indicated by the standard errors 
of their coefficients. 


Table 3. — Equations fob the Prediction of Cardiac Area and Transverse 

Diameter. 

(The standard error of each of the coeffieicnts is indicated beneath the coefficient.) 


F = .405 Si 
.213 


Equation. 

+ ..300 A + 

.397 


.970 W + 7.9 
.135 


R S 

929 7.77 


F 


.ISO H + 1.045 tv + 13.7 
.078 .110 


.925 7.97 


D = .00851 H 
.0075 


.0309 A + .0015 W + O.S .817 

.0352 .0107 


.080 


D 


.00490 H + .0509 W + 7.1 

.00077 .0101 


.811 .089 


D = .0037 W + 7.5 


.810 .090 


The probable error of estimate, sometimes used in statistical 
work, is a measure which may be used instead of the standard 
error; it is .67449 times the standard error, and designates the 
range within which the best half of the predictions may be expected 
to fall in a normal distribution of errors. In a group of measures 
with such a distribution of errors, half of the observed measures 
will vary from the predicted measure by an amount exceeding the 
probable error of estimate. Since positive and negative errors are 
presumably equally frequent, half of these, or one-fourth of .the 
entire group, will exceed the predicted measure by more than the 
probable error of estimate. This fact does not justify the conclusion 
drawn in some other papers on the Roentgen ray measurement of 
heart size that three-fourths of the hearts that exceed the predicted 
heart size by more than the probable error of estimate are patho- 
logically enlarged. While the conclusion may be drawn properly 
that the probability of this class among normal hearts is one-fourth, 
the conclusion that the probability of normality of hearts in this 



CARDIAC TRANSVERSE DIA3METER IN’cinLDREN 495 

class is also one-fourth is in serious error when the data are derived 
entirely from normal subjects. 

In the prediction of cardiac area there is a slight advantage in 
correlation coefficient and standard error of estimate in using age 
as one of the variables; the standard error of the coefficient of age, 
however, is in excess of the coefficient itself. In a series of this size 
it is considered unlikely that a measure will be of value when applied 
to other populations if the standard error of its coefficient is in 
excess of half the coefficient. For this reason it is possible to drpp 
age as a variable and thus make the formula more conveniently 
applicable without any sacrifice of accuracy. In the formulas for 
the prediction of transverse diameter the use of height increases 
the correlation by .001 and the use of height and age increases the 
correlation by .007 above the correlation with weight alone. The 
standard errors of the coefficients of age and height are large, how- 
ever, in comparison with the coefficients, hence these formulas 
may not be expected to predict transverse diameters generally 
appreciably better than the formula involving weight alone. The 
formulas chosen as statistically satisfactory, therefore, are; 

F = .180 H + 1.045 W + 13.7 
D = .0637 W -t- 7.5 

Comparison of Results. In comparing the accuracy with which 
each of these cardiac measures may be predicted, the standard 
errors form a satisfactory means of comparison. It is obvious, 
however, that an error of, say 5%, is of greater significance in a 
group of measures ranging from 90% to 110% of a mean than in a 
group ranging from 70% to 130% of its mean. In other words, the 
significance of an error is distinctly dependent on the degree of dis- 
persion of the series of measures. Since the measure of dispersion 
used in the calculation is the standard deviation, a true comparison 
of the standard errors of estimate requires that they be expressed 
in terms of standard deviations of the quantities to which they 
•3pply- The quantities, standard error of estimate divided by 
standard deviation, are the coefficients of alienation, usually desig- 
nated by the letter K (Fig. 1) . Included with this graph is a com- 
parison of the coefficients of alienation derived from the figures of 
P . C. Hodges and Eyster and of F. J. Hodges and Eyster* for adults. 

To determine the relative accuracy of prediction for different 
portions of our series we have determined the difl’erence between 
predicted and observed cardiac area, and the difference between 
predicted and observed transverse diameter in each subject. The 
absolute value of the individual errors has been averaged by height 

Tho probable error of estimate pven by F. J. Hodges and Eyster is smaller than 
^^ould bo indicated from their data; it appears that they failed to extract the square 
root of the term 1-R- in the formula for its calculation. Apparently this error did 
not affect the rest of their figures. We have calculated the standard error of estimate 
from their multiple correlation cpcfiicient. 
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classes, and the results are expressed in a graph (Fig. 2). In this 
graph, for proper comparison, the errors in each measure are 
expressed as fractions of the standard deviation of that measure. 
The greater accuracy of prediction of cardiac area appears constant 
throughout the group. 



Fig. 1. — Standard errors of estimate in terms of standard de\’iations (coefficients 

of alienation). 


80 QQ 100 no 120 130 HO ISO 160 170 m 190 



Fig. 2. — Average error in predictions of cardiac area and transverse diameter by 
height classes, expressed as fractions of their respective standard deviations. 

The papers referred to previously indicate that the cardiac area 
and the transverse diameter may be predicted in adults with prac- 
tically equal accuracy. The correlation coefficients are .579 and 
.588, and the standard errors of estimate are .814 and .810 
standard deviations respectively. In children, on the other hand, 
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the correlation coefficients are .925 and .810, and the standard 
errors .379 and .587 standard deviations respectively. The com- 
plete explanation for the difference between adults and children 
in this respect is not evident. The difficulty in locating the lower 
border of the heart, one of the greatest sources of error in estimating 
cardiac area, is considerably less in our experience in children than 
in adults; this may be responsible in part for relatively better 
measurement of area. It is also worthy of note that the negative 
correlation between height and transverse diameter present in 
adults is not present in our series of children. When age and height 
are both used with weight there is some negative correlation with 
age, subject, however, to sufficient error that it may be peculiar 
to this series. It is possible that the relationship between height 
and age, on the one hand, and transverse diameter, on the other, 
undergoes considerable change from one end of our series to the 
other, if the influence of weight be held constant. 

With regard to the apparently greater accuracy of predictions 
of each of the cardiac measures in children than in adults mathe- 
matical deductions may be misleading. While the "efficiency” of 
the prediction formula (l-K) is considerably greater in each case 
in children than in adults, it must be remembered that the efficiency 
of the formula denotes the amount of improvement of the prediction 
over a random guess for each individual at the mean. In a group 
such as children in whom all the bodily measurements vary through 
a wider range in proportion to their mean values, the prediction 
may be expected to move relatively farther from the means than 
in adults. For this reason the statistical measures of efficiency 
used here are not mathematically comparable in groups covering 
widely different ranges of measures, although they are a reliable 
guide in comparing different sets of measures in similar or identical 
groups. It will be noted that our comparisons on smaller groups 
than the entire series are based on actual observed differences 
between observed and predicted measures. 

The ultimate answer to the question of which is the better method 
of estimating heart size does not depend entirely on the accuracy 
with which each of the quantities can be predicted. Since measures 
of heart size are used in practice for the separation of normal from 
enlarged hearts, the value of a method depends in practice on how 
well'it separates hearts that appear to be normal from those in which 
there is other reason to believe that the heart is enlarged. This 
test has not been applied, so far, to our formulas. Eyster® has 
applied it to several methods of measuring the heart in adults and 
found that, in spite of approximately equal accuracy of prediction 
in the normal, the cardiac area method separated the normal from 
the abnormal somewhat better than any method involving trans- 
verse diameter which he used. While such a test of these formulas 
is desirable, it would appear unlikely that transverse diameters 
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predicted with so much less accuracy in the normal, as appears 
from these figures, could separate normals from abnormals with 
greater accuracy than cardiac areas determinations. 

Summary. 1. The relations of cardiac area and cardiac trans- 
verse diameter, as measured by the Roentgen ray, to sitting height, 
height, weight, and age have been studied in a group of normal 
children. 

2. Both measures correlate better in children with weight than 
with height or age. 

3. An equation is presented for the prediction of normal trans- 
verse diameter and a comparison is made with cardiac area predic- 
tion formulas previously published from the same material. 

4. Cardiac area in normal children can be predicted with greater 
accuracy than transverse diameter by any of the measures used. 
The advantage of cardiac area over transverse diameter as a measure 
of normal heart size appears to be greater in children than in adults. 
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THE Q WAVE IN THE ELECTROCARDIOGRAM. 

By Albert W. Wallace, M.D., 

WATKINS GliEN, N. Y. 

(From the Department of Cardiology, Tlie Glen Springs.) 

Since 1930, when Pardee,* made a critical study of 43 cases 
showing a significant Q wave in the third lead of the electrocardio- 
gram, other papers have appeared furtlier analyzing records showing 
this wave.^~® 

The Qs wave rarely appears in normal individuals. In a series 
of 277 normal cases, Pardee,* found a Qs wave in only 2 records, 
and Edeiken and Wolferth,=> found a Qs wave in only 1 record out 
of 826 electrocardiograms, and in this 1 case it was later found 
that the individual had a cardiac lesion. From the electrocardio- 
grams of the 1103 normal individuals thus examined for a Qs wave, 
it was found, tlierefore, in only 2 cases or an incidence of only 0.18%. 

Factors other than heart disease, however, have been shown to 
cause in some cases a Qa wave. Rrumbhaar and Jenks,® observed 
a Qs as a common finding in the electrocardiograms of infants 2 to 12 
months of age. Any condition which will elevate the diapliragm 
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and rotate the heart to the left may result at times in a Qs ■wave4'®'^ 
The short, thick-set, hypersthenic type of chest with a high dia- 
phragm, or ascites or gas distending the abdomen,® and thus elevat- 
ing the diaphragm, may at times cause a Q 3 wave. ' Pregnancy,^'®'“ 
especially in the later months, in some cases probably acts in a 
similar manner, for all cases which showed a Qs during pregnancy 
did not show it when electrocardiographed after delivery. Respira- 
tion,^-® likewise has been shown to effect the size of the Qs wave, 
becoming larger with expiration and the resulting elevation of the 
diaphragm, and smaller with inspiration. France® stresses the 
fact that coronary disease often occurs in the elderly, obese, thick- 
set individual, so that lateral displacement of the heart must be 
considered, in this type, before placing too much significance in a 
Qs wave which might be present. 

In going through our files we found 125 electrocardiograms show- 
ing a Qs wave which conformed to the criteria for a significant Qs 
wave as laid down by Pardee.^ Cases included in this study are 
those in which: 

1. The Q 3 wave was at least 25% of the greatest R in any lead; (2), 
the initial downward deflection (Q) was followed by an upright 
deflection (R) without an S wave; (3) records showing a Qs wave but 
where the Rs was greater than the R 2 and all so-called M or W 
complexes were omitted. 

Of the 125 cases found some were referred for an electrocardio- 
gram only, so that complete histories were not available in these 
cases. The histories of 108 cases, however, were complete and 
satisfactory for a critical study, and an analysis of these cases is 
given in Table 1. 

Table 1. — An Analysis of 108 Cases of Significant Qa Wave Records. 


No. % 

Total cases 108 

Angina pectoris 54 SO 

Hypertension 14 13 

Arteriosclerotic heart disease not above 22 20 

Preceding coronary thrombosis 4 3.7 

Other forms of heart disease; 

Rheumatic heart disease 2 1.8 

Thyrotoxicosis 1 0.9 

Unclassified group 11 10 


Nine cases of angina pectoris had hypertension making a total of 23 cases ha-ving 
hypertension. 

Twenty cases gave a history of a previous coronary thrombosis, 10 of these also 
having either angina pectoris or hypertension and so being classified in the latter 
groups. 

Fifty-four (50%) had angina pectoris. In this group are included 
all cases of typical clinical angina pectoris, characterized by attacks 
of substernal pain brought on by exertion and relieved by nitrites. 
Of these cases 9 also had hj’pertension but were included in the 
group. 
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Fourteen (13%) liad hypertension which includes all cases not 
having the anginal syndrome, but whose blood pressure was elevated 
above 150 systolic and 100 diastolic. 

Twenty-two (20%) are classified under arteriosclerotic heart 
disease, not having angina pectoris or hypertension. These cases 
showed cardiac disease characterized by arteriosclerosis, and dys- 
pnea on exertion, or signs of congestive heart failure. Many of 
these cases undoubtedly represent coronar 5 ’' disease which could not 
be classified under the angina pectoris or hypertension group. 

Four (3.7%) gave a history of a tj^pical preceding attack of 
coronary thrombosis, diagnosed as such, but which was not pre- 
ceded or followed by any signs of heart disease except for the pres- 
.ence of a moderate degree of arteriosclerosis. In all, 20 of our cases 
(18%) gave a preceding history of a coronarj’^ thrombosis which 
occurred anywhere up to a year previous to the time our record 
was taken. Of these 16 had either angina pectoris or hypertension 
and so are classified under the latter groups. 

There were 2 cases of rheumatic heart disease and 1 of thyro- 
toxicosis with cardiac involvement. 

Eleven cases (10%) were placed in an unclassified group. Of 
these 3 showed vague heart symptoms which could not be definitely 
classified, while the remaining 8 cases had no heart symptoms. Of 
these 8 cases there was 1 of pernicious anemia, 1 of empyema of 
the gall bladder, and 2 of intestinal stasis. Of the 11 cases there 
were 6 of obesity in the short, heavj^-set tj^e, and it may be that 
the Qs wave was caused by an elevated diaphragm in some of these 
cases. Two others suffered from a severe degree of flatulence, 
which has also been shown to cause a Qs wave at times. 

In order to determine if possible the significance of a record show- 
ing a Qs wave alone, from records which exhibited other abnormalities 
besides the Qs wave, our cases were divided into two groups, termed 
normal and abnormal respectively and are seen in Table 2. 

Table 2.— An Analysis of Normal and Abnormal QRST with a Qs. 


Normal 

Group 

Abnormal 

Group 


caBcs. 

■ % 

cases. 

% 

Angina pectoris 

18 

38 

36 

60 

Hj'pertension 

2 

6 

12 

20 

Preinous coronarj' thrombosis 

0 

0 

4 

6 

Arteriosclerotic heart disease not above 

15 

32 

7 

11 

Rheumatic heart disease 

2 

5 

0 


Thj'rotoxicosis 

1 

2 

0 


Unclassified group 

9 

19 

2 

3 

Total 

47 


61 


Total cases hairing hypertension 

4 


19 


Total cases hairing had a preirious 





coronary thrombosis .... 

0 


20 



The normal group includes those records which showed a normal 
record except for the presence of a Qs waA^e, and includes those 
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records with a negative T in the third lead. Under the abnormal 
classification are included those cases which in addition to the Qs 
wave showed slurring of the Q R S \n more than one lead, or T wave 
negativity in Leads I, I and II, I, II and III, or II and III. There 
were 47 cases classified under the normal group and 61 cases under 
the abnormal group. 

Angina pectoris was present in 60% of the abnormal group, 
while present in 38% of the normal group. France,® in a similar 
analysis of 32 cases in each group found a higher percentage of 
angina pectoris in the abnormal group (72%) and a much smaller 
percentage (9%) in the normal group. 

The incidence of hypertension is also higher in the abnormal 
group, while those cases which could not be classified as having any 
coronary disease are more frequently seen in the normal group. 

From these findings it would appear that the incidence of coronary 
disease is higher in patients whose electrocardiograms show other 
abnormalities besides a Qz wave, and that in the absence of other 
abnormalities a record which shows a Qs alone is more often found 
in those who have no coronary disease. 

Pardee' stresses the signifi_cance of the relative size of the Qz 
wave as compared to the greatest R in any lead, stating that when 
the Qs was 50% or more of the maximal excursion, 73% of his cases 
had angina pectoris. Pardee says that the large Qz is associated 
with any pathologic changes that involve coronary narrowing and 
it would seem that the larger the Q in relation to the Q R S, the 
closer the relationship. 

Ziskin® states that in his series when a Q appeared which was 
50% or more of the greatest R, 65% had coronary disease. 

Because of the great variation in the size of the R waves in differ- 
ent records, and in order to see whether it was the ratio of the Qz 
to the greatest R, or the actual size of the Qz itself, irrespective of 
the size of the R, Tables 3 and 4 were prepared. 


Table .3.— Significance of the Ratio of the Qs to the Greatest R. 

Ratio of<he (?, to the greatest R expressed in percentage. 



No. % 

No. % 

No. % 

No. % 

No. % 

No. % 

No. % 

No. % 


25-35 

36-45 

46-55 

.56-65 

66-75 

76-85 

86-100 

over 

100 

Total cases .... 

22 

26 

17 

13 

14 

4 

8 

4 

Angina pectoris . 

10-15 

10-3S 

6-35 

7-54 

8-57 

3-75 

6-75 

4 

Hypertension 
Arteriosclerotic heart 

1-5 

dis- 

5-19 

2-12 

1-S 

3-21 

1-25 

1-12 

0 

ease not above 

5-23 

4-15 

9-53 

2-15 

1-7 

0 

1-12 

0 

Rheumatic heart disease 

2-9 

0 

0 

0 

0 

0 

0 

0 

Thyrotoxicosis . 

0 

1-4 

0 

0 

0 

0 

0 

0 

Unclassified group . 

3-14 

5-19 

0 

2-15 

1-7 

0 

0 

0 

Preceding coronary 

thrombosis 

1-5 

1-1 

0 

1-S 

1-7 

0 

0 

0 

Total hypertension . 

2 

7 

3 

2 

4 

2 

3 

0 

Total coronary 

thrombosis 

1 

5 

1 

6 

3 

1 

3 

0 


It will be seen from these two tables that the actual size of the Qz 
wave alone is of more significance than is its ratio to the greatest 
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R, and that the deeper the Q, the greater the significance. While 
the percentage of the ratio of the Q to the greatest R increases as 
the incidence of coronary disease increases, it does not do so in as 
proportionate a manner as it does in Table 4, where the size alone 
of the Q wave is taken. 

Table 4.— Significance of the Depth of the Qz Wave. 

Size or depth of Qt in millimeters. 


To 3 mm. 

3 to 5 mm. 

5 to 7 mm. 

Over 7 mm, 

No. % 

No. % 

No. % 

No. % 


Total oases 

28 

44 

20 

16 

Angina pectoris 

10-36 

19-43 

13-65 

12-75 

Hypertension 

1-4 

4-9 

5-25 

4-25 

Arteriosclerotic heart disease not 
above 

12-43 

10-23 

0 

0 

Thyrotoxicosis 

0 • 

1-2 

0 

0 

Unclassified group 

3-11 

7-1 G 

1-5 

0 

Preceding coronary thrombosis 

IHl 

2-5 

1-5 

0 

Total hypertension 

1 

9 

5 

8 

Total coronary thrombosis 

5 

S 

2 

5 


From Table 4 it would seem that a record which shows a Qz of 
5 mm. or over in depth probably represents a record from a serious 
case of heart disease. Only 1 case exhibiting no cardiac symptoms 
was seen in records with a Q 3 of 5 or more mm. in depth. Cases of 
previous coronary thrombosis were about equally divided among 
different Qz sizes and ratios, and were unexpectedl,y seen with greater 
frequency in the records with smaller Qz waves. 

In many electrocardiograms exhibiting a Qz wave, a Qz wave was 
noted also, and because of the relative frequency with which this 
wave was seen, a study of these cases was made. Cases which 
exhibited a Qz wave, which followed Pardee’s criteria and also a 
Qo wave, were selected. The Q 2 was chosen if it was a well-defined 
wave and was not followed by an S 2 wave greater than the Qz- No 
restrictions were made on the depth of the Qz or its relationship in 
size to the R as was done in the selection of Qz records. In 8 cases 
an Sz wave was seen which was larger than the Qz and these records 
were eliminated from this study. In 1 case a small So was seen 
which was smaller than the Qz and was included in our group of Qz 
and Qz cases. 

Of the 108 cases 34 showed a significant Qz as well as a Qz, this 
representing a total of 31% of the Qz group (Table 5). 

Table 5.— An Analysis of 34 Cases Showing a Qz and Qz Wave. 


No. % 

Angina pectoris 23 07 

Hypertension 0 IS 

Arteriosclerotic heart disease not above 5 IS 

Total cases 34 100 


A total of 9 eases had hypertension (3 of these also had angina pectoris). 
A total of S cases had a preceding coronaty’ thrombosis. 
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It will be seen that 23 cases (67 %) were classified as having angina 
pectoris, while hypertension and the arteriosclerotic group made 
up the other 33% of records. Eight cases (23%) gave a history of 
a previous coronary thrombosis. 

Fenichel and KugelF record 6 cases in which a large Qo was seen 
and in 2 of these the Qz was even larger than the Qs, while in another 
the Qi Avas the largest. Myocardial infarction with septal invoh^e- 
ment was found in all 7 cases. They state that while this data is 
insufificient to draAV any conclusions, it would seem that a large Q 2 
or Qi, normally infrequent might have the same significance as a 
large Qs. 

It would appear from our 34 cases and Fenichel and Kugell’s 
7 cases, which came to autopsy, that the presence of a Q 2 and Q 3 
is of more significance than is the presence of a Q 3 alone. In our 
group the high percentage of angina pectoris and the absence of 
other forms of non-coronary disease is, we feel, significant. 

Pardee^^ in 1920 described a case of coronary thrombosis in 
which a Q 3 wave appeared and since then it has been described by 

others.^2,13,14 

Levine’s series'^ of 82 cases of coronary thrombosis shoAV a Q 3 
wave in 40% of cases. Parkinson and Bedford,^® noted a Qs Avave 
in 9 cases of coronary thrombosis. Edeiken and Wolferth,® illus- 
trate a record of Qs developing after occlusion which Avas not present 
before. 

Figure 1 represents a case of coronary thrombosis which has been 
followed by frequent electrocardiograms. Following the attack, 
the electrocardiogram was typical of coronary thrombosis, showing 
a high take-off of the S-T segment, in Leads II and III, and a Q 2 
and Qs wave. As healing took place, the S-T segment took off 
nearer the isoelectric line, and the T wave negativity first increased, 
and then decreased. The Q 3 , Avhich in the first record after the 
attack was quite large, decreased in size and then later increased. 
On July 17, 1929 the record shows besides the Qo and Qs (Avhich are 
as prominent as before), T Avave negativity in Leads II and III, 
but nothing characteristic nor diagnostic of the coronary throm- 
bosis which had occurred only 2 months before. 

Figure 2 represents the same case as in Fig. 1 , almost a year 
after the acute attack. The T waA^e in Lead II has now become 
diphasic, and in Lead III almost isoelectric. The Q2 and Qs remain, 
howeA'^er, and are even greater in depth than in the records taken 
previously. 

We belieA^e that a large Qs, and especially a record showing a Q2 
and Qs wave, is very significant, and believe with Fenichel and 
Kugell,- .that the Q wave is often the only remaining graphic evi- 
dence in the electrocardiogram of the remains of a pathologic 
process which at one time was acute. We believe that many cases 
showing a Qs and many more shoAving a Qo and Q 3 are cases which at 




Lead III. 

Fig. 1.— Coronary thrombosis. The acute attack occurred, 48 hours before the first record taken on May G, 1929. Note the persistence 

of the deep Q 2 and Q 3 waves throughout the series. 
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some previous time suffered from an acute severe myocardial 
ischemia, and went possibly diagnosed either as a severe attack of 
angina or went unsuspected. 

While the presence of a Qz and Qs wave is more uncommon than 
a Qz wave alone, we believe that when it is seen, its significance is 
much greater than when a Qs wave alone is noted. 

Two of our cases of Qn and Q 3 , which were normal records in 
every other respect, gave definite histories of a preceding coronarj^ 
thrombosis. 



Fig. 2. — From the same case as Fig. 1, taken April 23, 1930 almost 1 year after the 
acute attack of coronary thrombosis. Note that the Qe and Qa waves still persist, 
and are even larger than in the records taken soon after the acute attack, while other 
signs of coronary thrombosis have disappeared from the record. 


Summary and Conclusions. Of 108 cases showing a significant Qs 
wave, angina pectoris was found in 50% and hypertension and 
arteriosclerotic disease of the heart in 33%. 

An electrocardiogram which shows in addition to the Qs wave, 
other abnormal changes, is seen more frequently in coronary disease, 
although coronary disease is seen frequently enough in the electro- 
cardiograms showing nothing abnormal (except for the Qs wave) 
to be significant. 
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The depth of the Q wave alone is of more significance than is its 
ratio to the greatest R, and Q waves of more than 5 mm. in depth 
were found to be very significant. 

A Q 2 and Qa wave, when present in the same record, is of more 
significance than is the presence of a Qa wave alone, and we believe 
that many cases showing a Q2 and Qa wave represent cases of a pre- 
vious coronary thrombosis in which the Q waves are the only remain- 
ing graphic sign of heart damage. 
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AORTIC STENOSIS OF INFLAMMATORY ORIGIN WITH A DIF- 
FERENTIAL STUDY OF THE ACQUIRED OR CONGENITAL 
ORIGIN OF A BICUSPID AORTIC VALVE.* 

By Louis Faugeres Bishop, M.D., Sc.D., 

CONSULTANT IN DISEASES OF THE HEART, LINCOLN HOSPITAL; CONSULTING 
CARDIOLOGIST, SEA VIEW .^HOSPITAL, 

Louis Faugeres Bishop, Jr., M.D., 

ASSOCIATE VISITING PHYSICIAN, BELLEVUE HOSPITAL, 

AND 

hLvx Trubek, M.D., 

ASSISTANT VISITING PHYSICIAN, BELLEVUE HOSPITAL, 

NEAV YORK. 

Lesions of the aortic cusps offering varying degrees of obstruction 
to the outflowing blood have been, in our experience, a frequent 
finding; those alterations of less severe degree characterized by 
thickening with only a moderate degree of calcification at the 
roots of the semilunar cusps being much more commonly encoun- 
tered than the advanced stenoses. 

* Read at the Seventeenth Annual Clinical Session of the American College of 
Physicians, Montreal, February 6-10, 1933. 
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Pathologically, the distorted aortic valves can usually be classified 
vdthin one of the following etiologic groups; 

1. Of infectious origin, including all cases with “rheumatic” 
tjT)e of pathology, and healed bacterial endocarditis. 

' 2. Arteriosclerotic or degenerative lesions without previous 
inflammation. 

3. Congenitally defective cusps with subsequent calcification 

(Fig. 1). 



Fig. 1. — Congenital bicuspid aortic valve — aortic stenosis — white male, aged 62. 
There are two valve cusps and two normal commissures. No raphe within the cusp 
sinuses. Note uninterrupted swing of free edge of valves. The combined cusp, par- 
ticularly its free margin, shows extensive calcium deposit. 


The age at which the lesion is discovered is not always important 
for pathologic differentiation. Monckeberg^ pointed out that the 
degenerative process might appear within the aortic ring and annulus 
fibrosus after the age of 35, almost as a physiologic process. He was 
of the opinion that the amount of calcium deposited varied with 
individual predisposition, and that the lesion was often well advanced 
relatively early in life. These lesions being produetive in character, 
deformities associated with concomitant ulceration usually fall 
vfithin the other two categories of the above classification. With 
healing and advanced calcification it often becomes increasingly 
difficult to decide from gross examination whether we are dealing 
with the healed stage of an originally inflammatory process or 
with a defective valve of the bicuspid variety with subsequent 
calcification (Fig. 2). 
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The criteria formulated by Sir William Osier- for the gross 
identification of the bicuspid valve of congenital origin are exceed- 
ingly important and in the majority of cases can still be applied. 
In difficult cases the chief basis for distinction between the bicuspid 
valve of congenital or inflammatory origin is the relation of the 
origin of the fibers of the annulus fibrosus to the aortic elastic 
media at the ridge or raph^ dividing the conjoint valve. Using serial 
sections stained for elastic and connective tissue, Lewis and Grant® 
have shown that the congenital raphe is merely an abortive attempt 
to form a commissure in which the normal arrangement of the 
aortic layers is deformed but not altered, and that unlike the 



Fig. 2. — Inflammatory (bicuspid) aortic valve showing fused commissure, calci- 
fication with aortic stenosis — white male, aged 48. The anterior cusp is divided by 
a ridge which may be either a fused commissure or a congenital raphfi. Such a case 
of doubtful etiologic nature can be identified bs' seri.al section through the questionable 
ridge. 


findings at a normal commissure the relations at the raphe are 
similar to those found in the center of a normal cusp. However, 
the fused commissure of old inflammatory origin may present a 
ridge so shortened and deformed, apparently with two valve cusps 
of such equal size, that naked eye distinction between such a lesion 
and a calcified congenital bicuspid valve cannot be made. A case 
of such a nature occurred in our practice and the study of this 
specimen, encouraged by Dr. Maude E. Abbott, initiated the 
present work. 

Material and Methods. Nine cases of true congenital bicuspid 
valves, all except 2 showing a raphe within the sinus, had been 
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encountered at the Bellevue Hospital morgue during a 2-year . 
period of observation among approximately 5000. autopsies seen 
through the courtesy of the Office of the Chief Medical Examiner 
and the Bellevue Hospital Pathological Department. Certain cases 
of advanced aortic stenosis could not be satisfactorily identified in 
the gross as to etiology and we undertook the histologic study of 
this group of specimens. The uncertain cases most often proved 
to be of inflammatory origin after serial sections through the 
questionable ridge. 

The aortic valves in 12 significant cases were selected for study 
and differentiation. In those of doubtful nature serial sections, 
stained for elastic and connective tissue, according to the method 
of Lewis and Grant,® were cut either transversely or sagittally 
through the ridge or raph6 dividing the conjoint cusp. A normal 
valve and commissure and a typical congenital raphe were similarly 
sectioned for comparison with the pathologic material. The appear- 
ance of the valves in the selected cases varied from healthy bicuspid 
leaflets, with and without a subdi\dding raphe, to bicuspid valves 
extensively calcified. From their gross appearance 2 of the cases 
of aortic stenosis appeared to be calcified congenital bicuspid valves, 
in one of which there were associated cardiovascular anomalies. 
A patent ductus arteriosus and coarctation of the aorta suggested 
that the deformed and calcified valve was a congenitally bicuspid 
one, but on microscopic examination both cases proved to be 
bicuspid valves of inflammatory origin. In another specimen, with 
subacute bacterial endocarditis, serial transverse sections through a 
low ridge, whose gross appearance was unquestionably that of a 
congenital raphe within a bicuspid valve showed the normal rela- 
tionship of the aortic layers imperfectly reversed. 

Discussion. In none of our cases of true congenital bicuspid 
aortic valves did we encounter variation in the number of pulmonary 
valve cusps or interventricular septal defects. Dr. Maude E. 
AbbotD has also emphasized the opinion that a congenitally bicuspid 
aortic valve has in most instances a different developmental etiology 
than a similar deformity of the pulmonic valve. 

The presence of associated cardiovascular anomalies of certain 
varieties, particularly coarctation of the aorta and patent ductus 
arteriosus, are considered as important evidence for the congenital 
(bicuspid) origin of a deformed aortic valve of doubtful nature.®’^ 
Our own case, at first considered a congenital bicuspid '\'^alve because 
of the presence of anomalies, subsequently, on section through the 
decalcified ridge, showed the typical arrangement of layers as found 
at a normal commissure. The case of bicuspid aortic valves vdth 
bacterial endocarditis conformed in its gross characteristics with a 
typical congenital defect; the imperfect reversal of layers on micro- 
sdbpic examination of the raphe cannot alter the impression of the 
congenital nature of this bicuspid valve. 
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Paget® seems to have been the first to recognize the susceptibility 
of this type of valve to subsequent thickening or to infection. 
Many of his bicuspid valves were unknowingly of inflammatory 
origin. Peacock® reported numerous findings of two aortic cusps 
but also erroneously included cases of undoubted inflammatory 
etiology. Osier,- Garrod’" and Abbott® have been among the impor- 
tant contributors in calling attention to the frequency with which 
these anomalous valves become the seat of calcific deposits or of 
infective endocarditis. 

Conclusions. By the method described bj'^ Lewis and Grant it 
was possible to differentiate a congenital raphe or a fused commissure 
ridge in aortic valves with advanced calcification and stenosis. 

The presence of associated cardiovascular anomalies, coarctation 
of the aorta and patent ductus arteriosus, cannot be taken as pre- 
sumptive evidence for a congenital defect underlying the calcified 
aortic cusps. 
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A SUCCESSFUL METHOD FOR VACCINATION AGAINST 
ACUTE ANTERIOR POLIOMYELITIS.* 

Pkeliminart Report. 

By John A. Kolmer, M.D., D.Sc., LL.D., 

PROFESSOR OP MEDICINE, TEMPLE UNIVER8ITV, AND DIRECTOR OP THE RESEARCH 
INSTITUTE OP CUTANEOUS MEDICINE, 

PHILADELPHIA. 

With the Assistance of Miss Anna M. Rule. 


(From the Research Institute of Cutaneous Medicine and the Department of Medi- 
cine of Temple University.) 

We have recently shown' that it is possible to successfully vac- 
einate hlacacus rhesus monkeys against acute anterior poliomyelitis 
by subcutaneous and intracutaneous injections of a vaccine of 
monkey poliomyelitic cords treated with sodium rieinoleate (Wm. S. 
Merrell Company). h'lcKinley and Larson^ had previously found 

* Aided by a grant from the Daniel J. McCarthy Fund for Research in Ncurolo^, 
Temple University. 
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that monlveys could be sometimes immunized by intraperitoneal 
injections of this type of vaccine.* 

During the past year we have successfully vaccinated 17 additional 
monkeys with vaceines prepared as follows: 

1. Healthy adult Macacus rhesus monkeys, weighing 4 or more kg. of 
weight, were inoculated intracerebrally (frontal lobe) with 0.2 cc. of a 
5% emulsion of monkey poliomyelitic cord (Rockefeller Institute strain) 
under ether anesthesia. 

2. Symptoms of poliomyelitis usually developed in 5 to 9 days and 
immediately after death, or when the infection was very severe, the hair 
was sprayed with 5% tricresol solution and the skin over the head and 
back removed. The cords were then removed under aseptic precautions 
after the method of removing spinal cords from rabbits in the preparation 
of rabies vaccine by the original Pasteur method and 8 gm. of a mixture 
of several cords thoroughly emulsified asepticaUy in 100 cc. of sterile 
physiologic saline solution. 

3. After fine-mesh filtration under aseptic conditions there was added 
an equal volume of a sterile 2% solution of sodium ricinoleate in saline 
solution.! 

4. This gave a 4 % suspension of mixed tissue in 1 % sodium ricinoleate. 

5. The mixtures were well mixed and placed in an incubator at 37 ° C. for 
24 hours and then in a refrigerator at 4° to 6° F. for 14 days with daily 
shaking for a few minutes. 

.6. Subcultures were made and the vaccines kept in the refrigerator 
throughout the year. Even though sodium ricinoleate is of low bactericidal 
activity,’’ we have found that the final concentration of 1% is usually 
sufficient for sterilizing the vaccines when slight contamination had occurred 
in the removal of some of the cords and the preparation of the emulsions. 

Our previous vaccine^ was a final 1 % emulsion of poliomyelitic 
cord in a 10% solution of sodium ricinoleate, so that the present 
vaccines were 4 times as strong in virus (4%) vuth a lower con- 
centration of sodium ricinoleate (1%). Furthermore, the present 
vaccines were a mixture of several cords in order to better equalize 
the amount of virus present, as this sometimes varies in individual 
cords. 

Results. 1. Six monkeys were given subcutaneous injections of 
0.05 to 1 cc. per kg. every 5 days for 10 injections and •2- additional 
animals were given 0.1 cc. by intracutaneous injection every 5 days 
for 10 injections. None developed the slightest clinical evidences of 
poliomyelitis during the period of immunization and all remained 
perfectly well. When inoculated intracerebrally with 0.2 cc. of 5% 
suspension of fresh virus (about 18 minimal infective doses) 1 month 
after the last dose, none developed the slightest clinical cadences 
of poliomyelitis, whereas controls inoculated at the same time 
developed poliomyelitis in 5 to 9 days and succumbed. 

2. Seven monkeys were given subcutaneous injections of 0.1 to 
1 cc. per kg. every 5 days for 5 injections and 3 additional animals 

* We are indebted to Wm. S, Merrell Company for permission to use sodium 
ricinoleate in the preparation of vaccines (Patent No. 1G21118). 

t Sterilized by boiling for 10 minutes. 
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0.1 cc. per kg. by intracutaneous injection every 5 days for 5 doses. 
None of these animals developed the slightest clinical evidences 
of poliomyelitis during the period of immunization. When inocu- 
lated intracerebrally with 0.2 cc. of 5% suspension of fresh virus 
1 month after the last dose, all remained perfectly well except 
1 receiving 5 doses of 0.1 cc. per kg. by subcutaneous injection, 
which developed poliomyelitis 6 days after inoculation progressing 
to paralysis but sur\dving. All unvaccinated controls developed 
poliomyelitis in 5 to 7 days after inoculation. 

3. When the vaccinated monkeys were reinoculated intracere- 
brally 7 months later with 0.2 cc. of 5% suspension of virus, all 
remained healthjv and Avell and presented no clinical e^ddences of 
poliomyelitis. 'Wlien reinoculated again 3 months later, or about 
10 months after vaccination, all but 1 again remained perfectly well 
and free of all clinical evidences of poliomyelitis so that at this time 
it may be stated that the immunity has persisted in all but 1 monkey 
for at least 10 months after vaccination. 

These results have shown, therefore, that it is possible to vaccinate 
Macacus rhesus monkeys with 5 injections of sodium ricinoleated 
vaccine in dose of 0.1 cc. per kg. given every 5 days. The subcuta- 
neous injections of 0.05 cc. per kg. also produced effective immunity. 
Smaller doses may be likewise effective but so far have not been 
used. Intracutaneous injections may produce more effective im- 
munity than subcutaneous injections but are too painful, as we 
know from personal experience (J. A. K.) ; furthermore, it is likely 
to be impossible to immunize human beings by this route of immun- 
ization unless a larger number of injections are given. 

Sodium ricinoleate, however, in the amounts employed, does not 
completely kill the virus. As pre^dously stated, none of the vac- 
cinated animals showed the slightest evidences of poliomyelitis 
during or following the period of immunization, but the intracerebral 
inoculation of monkeys with 0.3 cc. of a vaccine 5 months after 
its preparation produced mild paralysis about 12 days later and 
showing thereby the sur\'ival of devitalized ^drus in the vaccine. 

All attempts to vaccinate with "dead” vaccines sterilized with 
heat and various chemical agents by others and ourselves' have 
met vdth no success. It appears that the vaccine to be effective 
must contain some liAung but de^^talized \drus.' Subcutaneous and 
intracutaneous inoculation of monkeys with a vaccine of fresh 
Aurus sometimes produces poliomyelitis and, therefore, cannot be 
utilized for the vaccination of human beings. Sodium ricinoleate, 
however, in the amounts employed, appeared to sufficiently devital- 
ize the ^^rus to make subcutaneous and intracutaneous injections 
entirely safe for the monkeys and yet leaving sufficient virus for 
engendering effective immunity. 

We have taken 0.5, 1.5 and 2 cc. of the vaccine by subcutaneous 
injection every 5 days. The injections were accompanied by some 
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stinging pain, especially after the first but less after the second and 
third injections, which quickly subsided, but there was little or no 
local reaction except in the 2-cc. doses when the local reactions were 
comparable to those produced by the subcutaneous injection of 
rabies vaccine. Fever and constitutional reactions, however, were 
not produced in us, and, while we have found large doses of sodium 
ricinoleate by intramuscular injection capable of producing some 
tissue necrosis in rabbits,^ yet such were not produced in ourselves 
by even 2-cc. amounts of this poliomyelitis vaccine. 

Fortunately for these experiments our blood sera before inocula- 
tion were free of antiviral properties, as determined bj^ mixing 0.2 cc. 
of serum with 0.2 cc. of 5% suspension of virus and injecting the 
mixture, after standing 2 hours, intracerebrally into 2 monkeys. 
Both animals developed poliomyelitis in about 7 days. 

That the 3 doses of vaccine produced antiviral antibody was 
shown, however, by repeating the test 2 weeks after the last dose 
of vaccine, when 2 additional monkeys inoculated intracerebrally 
with a mixture of 0.2 cc. of serum and 0.2 cc. of 5% suspension of 
■snrus allowed to stand for 2 hours, remained perfectly well, whereas 
a control inoculated with virus alone developed paralysis in 6 days 
and finally succumbed. These results have shown, therefore, that in 
the case of ourselves the vaccine was apparently eapable of producing 
antibody for the poliomyelitis Aurus and probably suffieient for 
engendering immunity. 

It appears to us that this is the only effective method for deter- 
mining whether or not a vaccine is capable of engendering immunity 
against poliomyelitis in human beings, because an injection of virus 
as a test for immunity as done with monkeys is, of course, not per- 
missible, and to vaccinate a group of children to determine over a 
period of years how many, if any, develop poliomyelitis as controlled 
by the incidence among a group of unvaccinated indi^dduals would 
require the immunization of a very large number in the presence of 
an epidemic. The serum-antiviral test before and after vaccination, 
however, may be a quicker and more decisive test for acquired 
immunity, and especially when conducted with children, who are 
not as likely to have natural antiviral antibody in their sera. 

Discussion. We naturally hesitate to advise the subcutaneous 
injection of a vaccine known to contain some living virus, even 
though we believe it to be sufficiently devitalized vnth sodium 
ricinoleate to make it a safe procedure as determined by the results 
observed among vaccinated monkeys and ourselves, but we belie'im 
that 3 subcutaneous injections of this kind of vaccine at intervals 
of 5 to 7 days and in dose of from 0.05 to 0.1 cc. per kg. of weight 
is a safe and effective method for vaccination against acute anterior 
poliomyelitis. 

Indeed, if it is true that human beings acquire immunity to acute 
anterior poliomyelitis by contact vnth the Aorus even without 
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demonstrable e'sddences of infection, it would appear that less vac- 
cine may be required per body weight than in the case of monlieys, 
and especially since less antibody is probably required for the pro- 
tection of human beings against small amounts of virus entering 
the upper respiratory tract than required for the protection of 
monkeys inoculated intracerebrally Avith 15 to 20 ininimal infective 
doses. 

Since these vaccines never produced the slightest evidence of 
infection in the monkeys and ourselves, and believing that the 
amount of sodium ricinoleate employed effectively reduces the 
Aurulence of the virus, we are at present vaccinating a group of 
children varying in age from 8 months to 15 years. These have 
been selected after preliminary antiAural tests with monkeys haAm 
shown the absence of antibody in the sera. Three doses are being 
giA'^en at AA^eeldy intei'A’^als with monkey antiviral tests with the sera 
of some children after the first and second doses and with the sera 
of all cliildren after the third dose in order to determine the rapidity 
of antibody production and the number and size of doses of vaccine 
required. 

The first dose for children under 3 years has been 0.25 cc. and 
0.5 cc. for older children up to 15. By making the first dose quite 
small in this manner and waiting 7 days, opportunity is afforded 
for; antibody production before the second and third doses are 
administered. Varying amounts are being given in the second 
and third doses and a subsequent report will soon be made on the 
results, along Asdth further details on the preparation and standard- 
ization of the vaccine. Since the cord of a large-sized monkey Avdll 
yield about 200 cc. of vaccine, and taldng a total of 3 to 4 cc. for 
the immunization of a child, 1 monkey will yield sufficient, vaccine 
for the immunization of 50 or more children. If subsequent experi- 
ments now under way show that it is possible to prepare vaccine 
of monkey poliomyelitic brain, the yield would be much larger and 
the cost correspondingly less. 

While one may question the importance of vaccination against 
poliomyelitis in Anew of the Ioav incidence of the disease, yet I became 
conAonced of its adAusability 2 years ago when thoroughly reAuewing 
the situation before commencing these inA'^estigations and Avill 
present the reasons at the same time. 
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POLIOMYELITIS. 


A Study of 410 patients at the Philadelphia Hospital 
FOE Contagious Diseases. 

By Pascal F. Lucchesi, M.D., 

SUPERINTENDENT, PHIIiADELPHIA HOSPITAL FOR CONTAGIOUS DISEASES, 
PHILADELPHIA, PA. 


During the summer of 1932, Philadelphia experienced its second 
epidemic of poliomyelitis. The greatest portion of the reported 
cases was sent to this hospital for diagnosis and treatment. Four 
hundred and ten persons suspected of having fallen victims to this 
dreaded disease were sent to us between the months of July and 
November. It is not necessary to mention that all were not eases 
of poliomyelitis. As is common during an epidemic, some patients 
are wrongly but justifiably suspected. 

From the outset we were confronted with the problem of abortive 
poliomyelitis. IMiat cases should be and what cases should not 
be diagnosed as such? Were we justified in venturing such a 
diagnosis from a hospital viewpoint? After careful consideration 
it was deemed advisable not to make this diagnosis, as the margin 
of accuracy was too narrow. Accordingly no patient was dis- 
charged from this hospital as one of abortive poliomyelitis, although, 
to be sure, many cases might have been designated as such. The 
diagnosis of poliomyelitis was only made when the patient presented 
the accepted clinical and pathologic picture. Positive spinal fluid find- 
ings were obtained in most cases. The patient was discharged ivith 
a diagnosis of poliomyelitis with or without paralysis. It was found 
difficult in some cases, especially infants, accurately to determine 
the presence or degree of weakness or paralysis. 

Routine. On admission, patients were examined, spinal puncture 
was performed, the fluid immediatelj'^ studied and treatment 
instituted. Doubtful cases were isolated until a definite diagnosis 
could be made. Immune serum was given to all patients in whom 
it was felt that an active progressive infection was present, irrespec- 
tive of the presence or absence of paralysis. Patients vdth definite 
evidence of paralysis, but without evidence of progress or extension 
of paralysis, were not given immune serum. The immune sera 
consisted of convalescent and contact serum. I^Tiole blood was 
also used. The last 2 were given intramuscularly, the former 
intravenously. It was attempted to give a total of 100 cc. of 
immune serum divided into 40 cc. of convalescent and 60 cc. of 
contact. We did not have a control group. 

Two respirators were in constant use throughout the epidemic. 
At times, because of this limited number of respirators, it was 
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necessary to transfer patients to other hospitals for treatment. 
In this way, S of our patients were treated neighboring hospitals. 
These are not included in this study. 

Quarantine. It was not thought necessary to keep patients in 
this hospital for 21 days. Of course, some were kept the full time, 
either because of the severity of the illness, or because of the lack 
of proper home facilities. The majority of patients were detained 
between 10 and 15 days. The average number of hospital days 
for the entire group was 10.6. TOien the temperature, pulse and 
respirations were normal for about 7 days, and there was no evi- 
dence of extension of paralysis, patients were transferred to their 
homes in our ambulances. The balance of the quarantine period 
was then maintained at home. As far as we can determine, no 
secondary cases were experienced because of this practice. 


Table 1. — Differential Diagnosis of 410 Cases Referred as Poliomyelitis. 


Poliomyelitis 

La grippe 

Gastro-intestinal upset 

Tonsillitis 

Bronchopneumonia 

Lobar pneumonia 

No disease 

Bronchitis 

Localized meningitis 

Acute pharyngitis 

Tracheobronchitis 

Rheumatic fever and rheumatic endocarditis . 

Scarlet fever 

Rheumatoid arthritis 

Catarrhal jaundice 

Hysteria 

Pulmonary tuberculosis and tuberculous meningitis 

Typhoid fever 

Arthritis of hip 

Influenzal meningitis 

Cerebrospinal meningitis 

Acute peritonitis and ruptured diverticulitis 

Food allergy 

Anterior spinal thrombosis 

Acute arthritis 

Chorea 

Poison ivy . . 

Drug rash 

Alcoholism 

Pyelitis 

Acute otitis media 

Scur^•y and rickets 

Acute sinusitis 

Vincent’s angina 

Tuberculous meningitis 


No. of 

Percentage 

cases. 

of total. 

304 

74.1 

31 

7.6 

16 

3.9 

13 

3.2 

6 

1.5 

6 

1.5 

3 

0.7 

2 

0.5 

2 

0.5 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2. 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 

1 

0.2 


In all, 410 patients were admitted as suspected cases of polio- 
myelitis. This diagnosis was confirmed in .304 (74.1%). In 106 
(25.9%) this diagnosis was disproved. No doubt, as can be seen 
in Table 1, the diagnosis in some of these cases might be disputed. 
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Some could have easily fitted into the picture of the so-called 
abortive type of poliomyelitis; but in the majority of cases the 
diagnosis was clear-cut. The difficulty attending a diagnosis of 
abortive poliomyelitis is admitted by all physicians. Indeed, in a 
study of 446 cases of suspected poliomyelitis referred to the Herman- 
Kiefer Hospital in Detroit, Gordon^ could only verify this diagnosis 
in 50.2% of this number. 

Age, Sex, Race. In all, 304 cases of poliomyelitis were treated, 
ranging in age from 4 months to 52 years. Twelve (5.6%) were 
under 1 year. The youngest patient was a female child, aged 
4 months. The ratio of male to female was equal in this age group. 
The largest number of patients fell in the age group of 0 to 4 years, 
inclusive. This formed 47.7%. In other words, 53.3% of those 
affected were children under 5. These figures correspond to the 
unpublished age-group figures of the New York City epidemic of 
1931." The next highest number of cases occurred in the 5 to 9 
years group, representing 27.6%. The small number of 1.3% 
represents the 20 years or more age group. As to the ratio of male 
to female, the male group predominated 188 to 116. 

Table 2.— Percentage Distribution by Age Groups. 


Cases, 304 
Per cent. 


Under 1 yr 6.6 

0 to 4 yrs . 47.7 

5to 9 “ 27.6 

10 to 14 “ 13.2 

15 to 19 “ 4.6 

204- “ 1.3 


Table 3. — Age and Sex Incidence. 




Male. 

Female. 

Ratio: 
Males to 
1 female. 

Under 6 mos 


2 


6 mos. to 1 yr 

. . . . 9 

6 

1.50 

12 mos. to Is yrs 

. ... 14 

7 

2.00 

IS mos. to 2 “ . . . . 

. . . . 34 

18 

1.89 

3 yrs 

.... 18 

14 

1.29 

4 

(f 

. . . . 22 

IS 

1.22 

5 

t( 

. . . . 12 

7 

1.71 

6 

li 

.... 15 

10 

1.50 

7 

<< 

.... 11 

8 

1.38 

8 

(( 

. ... 8 

5 

1.60 

9 

tt 

. . . . 6 

2 

3.00 

10 

(C 

. . . . 6 

4 

1.50 

11 

t( 

.... 4 

2 

1.50 

12 


.... 7 

4 

1.75 

13 

<< 

. . . . 6 

3 

2.00 

14 

t( 

. . . . 3 

1 

3.00 

15 

ti 

. . . . 1 



16 

t( 

. . . . 2 

1 

2.00 

17 

ii 

. . . . 1 

1 

1.00 

18 


. . . . 3 

1 

3.00 

19 

it 

. . . . 2 

2 

1.00 

20 to 24 yrs 

.... 3 
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It was noted that as the epidemic progressed into the months of 
September and October, patients ranging in the group of 5 to 9 
years predominated, while in the early months of the outbreak 
the age group of 0 to 4 years was prevalent. 

The race study shows a remarkable increase among negroes in 
comparison with the 1916 epidemic. This is undoubtedly due to 
the tremendous increase in the negro population in Philadelphia 
since the 1910 census. In 1910, the total population of this city 
was given as 1,724,630. Of this number, there were 84,459 blacks 
(4.89%). In the census of 1930, vuth a total city population of 
1,978,879, there were 219,599 blacks (11.09%). The actual in- 
crease in the colored population in Philadelphia from 1910 to 1930 
is 135,140 (160%). However, if we consider the percentage of 
whites to blacks, we -wdll find that the percentage increase of blades 
is 6.2%. The number of poliomyelitis patients among the blacks 
admitted to this hospital in 1916 is 2.9%; whereas in 1932 it was 
15.5%. This shows an increase of 12.6% of blacks contracting 
poliomyelitis, in comparison to an increase of 6.2% population. 
Undoubtedly, there was a greater percentage of susceptibles among 
the blacks, for it is interesting to note that of the total increase of 
254,249 in the total population of Philadelphia from 1910 to 1930, 
135,140 (53.5%) were black. 

Symptomatology. The information recorded with reference to 
the onset of the present illness and the history of past diseases was 
obtained by the ambulance mu’se from parents in rnost cases. It is 
needless to say that in some instances tins information was given 
inaccurately. The correctness of the data obtained in this respect 
is in direct proportion to the intelligence of the parents and the 
ability of the questioner to elicit the information. In most cases, 
parents were found to be good observers, but in a small number 
their observations were inaccurate. However, we feel that a fairly 
good picture can be drawn from the information on hand. 

The usual order of symptoms— fever, vomiting and headache- 
prevailed in the majority of patients admitted. As wifi, be seen in 
Table 4, fever marked the onset of poliomyelitis in the majority of 
cases, nausea, or vomiting and headache ranging second and third, 
respectively. Among the less common symptoms of onset, drowsi- 
ness was the leader. 

The most prevalent physical sign obser'\’'ed was the absence of 
knee jerks. Superficial and deep reflexes were next in order. 
Rigidity or stiffness of the neck was present among a goodly portion. 
These percentages may seem slightly high, but it must be remem- 
bered that about 50% of the patients showed on admission some 
signs of weakness or paralysis. 

As mentioned above, 304 patients were discharged with a diag- 
nosis of poliomyelitis. Of this number, 192 (63.2%) showed some 
eHdence of weakness or paralysis. The distribution of paralysis 
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in tliis group was mostly centered in one extremity, either the arm 
or leg, with paralysis of both extremities next most common. 


Table 4. — Incidence of Signs and Symptoms. 

Per cent. 


Eever 81.58 

Nausea and vomiting 62.63 

Headache 48.68 

Drowsiness 21.05 

Hyperesthesia 7.89 

Irritability 6.91 

Excessive sweating 5.59 

Sore throat 5.69 

Apprehensiveness 3.94 

Restlessness 3.94 

Constipation 2.63 

Diarrhea 2.24 

Coryza 1.64 


Knee jerks 
Superficial reflexes 
Deep reflexes . 
Stiffness of neck . 
Kemig .... 
Babinaki 

Muscular twitching 
Spine sign . 
Muscular tremor . 


Absent 53 . 32 
Absent 49 . 68 
Absent 47 . 04 
Present 40 . 13 
Present 22 . 37 
Present 10.86 
Present 5.26 
Present 3 . 62 
Present 2.96 


Table 5.— Distribution op Paralysis. 


Both legs 29 

One leg 64 

Both legs and both arms 11 

Both legs and one arm 8 

One arm 33 ' 

One arm and one leg (same side) 4 

One arm and one leg (opposite side) 0 

Both arms 12 

Both arms and one leg ■ 3 

Trunk 9 

Facial alone 16 

Throat or neck 3 


Total 


192 


Etiology. It was attempted to determine what part the occur- 
rence of other acute infections played toward the production of 
immunity against poliomyelitis; whether the absence or presence of 
tonsils makes one more susceptible; and if vaccination against small- 
pox or diphtheria prophylaxis increases the resistance of a child to 
poliomyelitis. A resume of the history in each case shows that 
64.1% of the poliomyelitis patients suffered from one or more 
attacks of the acute infections of cliildhood. Tonsils were present 
in 81.6% of the group of cases. It was not noted whether the 
tonsils presented e\'idence of disease. Amoss and Taylor^ have 
shown that the healthy nasophary^nx furnishes virucidal substances. 
From their observation we may assume that the nasopharynx was 
diseased in this group of patients; 56.3% had been Vaecinated 
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against smallpox and 51.3% had toxin-antitoxin prophylaxis against 
diphtheria. 

Laboratory Data. Spinal fluid examinations showed the usual 
findings. The fluid Avas clear in color, under increased pressure in 
most cases. A fibrin web formed, upon standing, in a small number 
of cases. The aA'^erage cell count was 93 leukocytes, the Imvest 2 
and the highest 1067. The predominating type of cell was the 
lymphocyte. 

Treatment. In the absence of any definite specific for the treat- 
ment of poliomyelitis, convalescent and contact serum was used. 
The majority of patients were given serum on admission. A 
smaller group of patients, ivho presented definite evidence of 
paralysis, or in whom there was great doubt as to the presence 
of poliomyelitis, were not given serum. Of the 304 cases of polio- 
myelitis, 254 (83.55%) received serum; 50 (16.45%) did not. 
Among those AAdio received serum (254), 124 presented evidence of 
Aveakness or paralysis on admission; 130 did not. Eighty-fiA'^e of 
those showing evidence of Aveakness or paralysis (124), and 96 of 
those showing no CAddence of AA’^eakness or paralysis (130) were 
admitted during the first 4 days of the disease. On discharge it 
AA^as found that 154 (60.63%) of those receiving serum showed 
eAudence of Aveakness or paralysis, an increase of 30 patients. Of 
the 50 AA'ho did not receive serum, 28 shoAved eAudence of weakness 
or paralysis and 22 did not. Ten of the former and 14 of the 
latter AA^ere admitted during the first 4 days of the disease. On 
discharge, 38 showed evidence of n^eakness or paralysis and 12 did 
not. 

Table 6. — Data on Serum Treatment, Paralysis, Mortality’. 


Day of 
disease. 

No. of 
cases in 
group. 

Serum. 

No serum. 

Died. 

Weakness or 
paralysis. 

No weakness 
or paralysis. 

Weakness or 
paralysis. 

No weakness 
or paralysis. 

Serum. 

No 

serum. 

On admission. 

On discharge. 

On admission. 

o 

tc 

u 

a 

m 

'"B 

O 

On admission. 

t£ 

ki 

2 

cn 

a 

O 

c 

o 

cc 

s 

C3 

a 

O 

On discharge.- 

1 . . 

61 

16 

22 

37 

31 

2 

3 

6 

5 

4 

0 

2 . . 

45 

20 

25 

20 

15 

2 

4 

3 

1 

2 

1 

3 . . 

54 

24 

32 

23 

15 

3 

5 

4 

2 

4 

9 

4 . . 

45 

25 

27 

16 

14 

3 

4 

1 


3 

0 


34 

10 

13 

15 

12 

6 

7 

3 

2 

1 

0 

6 . . 

23 

9 

12 

8 

5 

5 

6 

1 

0 

0 

2 

7 . . 

16 

S 

11 

5 

2 

9 

3 

1 

0 

0 

1 

S . . 

10 

4 

3 

1 

2 

3 

3 

2 


2 

0 

9 . . 

1 

0 

0 

1 

1 

0 

0 

0 


1 

0 

10 . . 

3 

2 

2 

0 

0 

0 

1 

1 




11 . . 

o 

0 

0 

0 

0 


2 

0 

0 



12 . . 

2 

2 

2 

0 

0 



0 

0 



13 

1 

1 

1 

0 

0 

0 


0 




14 . . 

o 

0 

0 

2 

2 

0 







o 

9 

9 

0 

0 







? 

, 3 

i 

9 

2 

2 








■ 




100 

28 

38 

22 

12 

18 

6 


































LUCCHESi: POLIOMYELITIS 


521 


In all, there were 192 (63.2%) cases with evidence of weakness or 
paralysis, while 112 (36.8%) showed no e^ddence of paralysis. 

There occurred 24 deaths, a percentage death rate of 7.89. Of 
the 24 patients who died, 18 received serum and 6 did not; 22 
(91.67%) patients died within the first week of their disease. Two 
(8.33%) died vdthin the second week. 


Table 7. — Deaths From Poliomyelitis by Day op Disease. 


First day . 
Second day 
Third day . 
Fourth day 
Fifth day . 
Sixth day 
Seventh day 
First week 
Second week 


Deaths. 

3 

4 
6 
3 
1 
2 
3 

22 

2 


Per cent. 


91.67 

8.33 


Total 


24 


Table 8. — Summary op Data on Serum Therapy and Results. 


Admitted with paralysis . 
Died 

Admitted without paralysis 
Died 


Serum. 

No serum. 

124 

28 

11 

6 

130 

22 

7 

0 


Of the 24 patients who died, 17 required the use of the respirator; 
10 of the 17 succumbed despite the use of respirator; 7 recovered 
from respiratory paralyses but subsequently died. The respirator 
was a great aid in relie\'ing those with evidence of transitory paral- 
ysis. Patients who required the respiratory longer than 72 hours 
did not fare well. Several patients recovered after several days 
in the respirator. However, investigation shows that these patients 
died later of some other disease. A careful check-up is being made 
on these patients at present. 


Table 9. — Summary op Data. 



Total 

Serum treated. 

No serum. 

Deaths. 


Total 
No. of 
cases. 

paralysis. 

. Paralysis. 

i Total. 

Paralysis. ^ 

Total. 

Serum. 

Total. 

Rlort., 
per cent. 


Yes. 

No. 

Yes. 

No, 


Yes. 

1 

No. 


Yes. 

No. 



304 

192 

112 

154 

100 

254 

38 

12 

50 

18 


j 

24 i 

7.89 


Summary. T. During the summer and fall of 1932, 410 patients 
were admitted to this hospital as suspected cases of acute anterior 
poliomyelitis. The diagnosis was verified in 304 (74.1 %). 
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2. The majority of those affected were in the age groups of 0 to 
4 years and 5 to 9 years, 53.3 % in the former and 27.6 % in the latter. 
There were 18S males and 116 females. As to race, 84.5% were 
whites and 15.15% were negroes. 

3. Two hundred and fifty-four patients (83.5%) received serum; 
124 of these showed evidence of weakness or paralysis on admission. 
Upon discharge from the hospital tliis number increased to 154. 

4. Fifty patients (16.5%) received no serum on admission. Of 
this number, 28 showed evidence of weakness or paralysis. Upon 
discharge this number increased to 38. 

5. One hundred and ninety-two (63.2%) of the patients were 
discharged with evidence of paralysis; whereas on admission 152 
(50%) presented such evidence. 

6. There occurred 24 deaths (7.89%). Eighteen of this number 
received serum; 22 of the deaths occurred within the first week of 
the disease, 2 in the second week. 

7. Of the 24 fatal cases, 17 required the use of the respirator; 
10 of this number died while in the respirator. 

Conclusion. In view of the above findings, the conclusion seems 
justified that convalescent serum was of little value in the pre- 
vention of paralysis. 
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ENCEPHALITIS IN CHILDREN APPARENTLY CONGENITAL AND 
FOLLOWING MATERNAL INFLUENZA. 

Bt Winifred Batard Stewart, A.M., M.D., 

ASSISTANT CIiTNICAlj PROFESSOR OF NEUROIiOGT, WOMAN^S MEDICAE COEIjEQE OF 
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SCHOOL OP MEDICINE, UNIVERSITY OF PENNSYLVANIA; ASSISTANT NEUROLO- 
GIST, PHILADELPHIA GENERAL HOSPITAL, 

PHILADELPHIA, PA, 


Influenza is recognized as being one of the most serious infec- 
tions which may complicate pregnancy. Miscarriages, abortions, 
and premature labor are frequently induced by an attack of this 
disease and the mortality rate is definitely liigher in pregnant than 
in non-pregnant women. Jordan^ concludes, after an extensive 
review of the literature, that an attack of influenza is more serious 
in the later than in the earlier months of pregnancy; that severe 
influenza is more likely to cause interruption of pregnancy than a 
mild attack of the disease, while the mortality rate is higher in 
those cases in which the pregnancy has been interrupted. 
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Death of the fetus is a frequent, but not invariable result of mater- 
nal influenza. Welz- reported a fetal mortality of 66 per cent in 
his series of 21 cases, and noted that fetal mortality is lessened 
when the mother recovers. This high fetal mortality rate has been 
variously ascribed to premature delivery, to toxemia, to hyper- 
pyrexia, to anoxemia, and to direct infection through the placenta. 

Very few reports of autopsies on these infants can be found, 
however, and none includes an examination of the central nervous 
system. Abt^ reported a 2 iveeks’ premature infant born of a woman 
suffering with influenza, who at birth presented signs of an upper 
respiratory infection with rales in the chest and cj^'anosis. It died 
on the third day. Pathologic examination revealed hemorrhagic 
bronchopneumonia and septic endocarditis. Streptococci were 
present in all organs examined. Townsend’s'* case was a 2 iveeks’ 
premature infant who had signs of influenza at birth, the mother 
having developed the disease 1 week prior to labor. -Two cases 
of bronchopneumonia, developing 18 to 24 hours after delivery 
of mothers suffering with influenza, were reported by Woolston and 
Conly.® 

Kosmak,® in a series of 21 cases of maternal influenza, reported 
that 3 children were born alive and died postpartum, 1 was stillborn, 
and 3 were aborted after the 5th month, while 2 mothers died unde- 
livered. He also observed that many of the surviving infants were 
deflnitely below par. Other than this, however, it does not appear 
that any observations have been made concerning the subsequent 
health and development of the children. 

Fortunately, in the literature on epidemic encephalitis complicat- 
ing pregnancy, more statistics are available regarding the subse- 
quent history of living children and on autopsy findings of the dead 
infants. This disease is not so fatal to the pregnant woman or 
the fetus as is influenza. However, fetal deaths have occurred, and 
in several the postmortem findings showed changes characteristic 
of epidemic encephalitis. In Marinesco’S case,*^ a classical one of 
this kind, the mother died of epidemic encephalitis about 3 months 
before term after an illness of 3 weeks. The death of the fetus took 
place a day before that of the mother, as evidenced by absence of 
fetal movements and heart sounds. Pathologic examination of the 
brains of both mother and child revealed the typical perivascular 
cuffing characteristic of epidemic encephalitis. A similar case 
was reported by Kononowa.® Santi® and Balaban,*® each reported 
a case of epidemic encephalitis in an infant born of a mother who was 
suffering with this disease. In each case, autopsy findings confirmed 
the clinical diagnosis. These 2 cases, however, might have been 
owing to contact. 

Symptoms of epidemic encephalitis have been observed to develop 
in infants nursed by mothers attacked with encephalitis, by Halle,” 
and also by Klippel and Baruk.*® The autopsy of Halle’s infant 
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revealed no evidence suggestive of epidemic encephalitis, however, 
while the one reported by Klippel and Baruk recovered. 

Roques*^ considers three possible modes of infection from mother 
to child: (1) by direct contact; (2) through the milk, or, (3) by 
transplacental passage of the virus, which he favors as being the 
most probable. This route of infection has some experimental 
confirmation in that Levaditi, Harvier, and Nicolaid’’ demonstrated 
that the virus obtained from encephalitis in man, can, when inocu- 
lated into rabbits, pass through the placenta and localize the fetal 
nervous system. The cases cited by Marinesco and Ivononowa 
appear to be good evidence in support of this mode of transmission. 
Thus there seems to be definite evidence that both in the case of 
influenza and of epidemic encephalitis, transmission from the mother 
to the child can occur. 

The case reports here presented are of interest, not only because 
the children appear to have congenital encephalitis, but also because 
they were born of mothers suffering with influenza in the later 
months of pregnancy. None of these women had symptoms sug- 
gestive of epidemic encephalitis. All of them survived the disease 
and, as far as can be determined, none shows any signs of the sequelie 
of encephalitis. The children, on the other hand, show character 
defects typical of postencephalitic behavior change, and in 5 cases 
there is evidence of organic involvement of the extrapyramidal 
system. 

Case Abstracts. Case 1.— E. H., white female,, born February 1, 1919. 
The mother had influenza in the 8th month of pregnancy and was de- 
livered of twins at term. One child died at the age of 6 months of “mal- 
nutrition.” No details concerning her phj'sical condition can be obtained. 
The case reported is the surviving twin. She had measles and diphtheria, 
but no other acute illnesses in' childhood. Tlie mother states that she has 
been hyperactive since infancJ^ She Avas slow in learning to talk, seemed 
somewhat mentally retarded, and has alwaj's been a serious behaAuor 
problem. She was referred to the Graduate Hospital in 1930 for study. 
Physical examination revealed that she was small and underdeveloped, for 
her age, AAuth mild choreiform tremors. Neurologic examination was 
othenAuse negative. Her I. Q. Avas 38, but because of her great distracti- 
bility this estimate aaas not considered to be entirely accurate, ■\^^len seen 
in April, 1934, her tremors Avere much more seAmre and she had a marked 
dysarthria. OthenAuse, her neurologic examination AA^as negative. She is 
hyperactive, hypersexed, destructwe, and vicious. The "Wassermann test 
is negathm. Six siblings are apparently normal. The diagnosis of congenital 
encephalitis AA'as made in this case because the sjunptoms apparently 
started at birth afid liaAm been progressiA'e. Aside from measles and diph- 
theria the child has suffered from no acute illness. 

Case 2. — R. C., AAdiite male, born October 22, 1918. During his mother’s 
seAmre attack of influenza, the child aa'us born about 2 months premature. 
The delNer}’^ was otherAAuse uncomplicated. At 3 weeks, the child had 
severe convulsions, the cause of AAdiich was undetermined. As an infant 
he was delicate and seemed rather stiff. He sat up at 2 years, talked at 
4, and Avalked at 5. He had measles, mumps, and varicella, but no other acute 
infections. He AA'as referred to the Graduate Hospital in May, 1930. He 
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was hj^peractive, and at the same time tired very easily. He had a marked 
rigidity of the extrapyramidal t 3 ’^pe. Tendon reflexes were all hyperactive, 
but there were no pathologic reflexes. Arm swing was absent on the right 
and diminished on the leh. There was a marked hypersalivation. His 
I. Q. was 79. The Wassermann test was negative. His mother complained 
that he was hard to manage and had severe temper tantrums when crossed. 
The diagnosis of congenital encephalitis was made because of the marked 
sjmiptoms of a lesion of the extrapyramidal system which has apparently 
existed since birth. 

Case 3. — H. M., a negress, born September 19, 1918. Her mother had 
influenza at the time of delivery. The child is said to have been born with 
a “cold” which lasted several weeks. She had measles, mumps, pertussis, 
and varicella in childhood. Although she developed normally, she was 
abnormally hyperactive, and has been a serious behavior problem since 
early childhood. She was referred to the Philadelphia General Hospital 
for study in 1930 because of her conduct disorder. Physical examination 
revealed a well-developed but hyperactive child. She had impairment in 
automatic associated movements, with some rigidity and tremor of the 
left hand. Tendon reflexes were greater on the left than on the right. Her 
I. Q. was 80. The Wassermann test was negative. As she grew older, her 
delinquencies became more serious. Her behavior is of the compulsive 
type. She is very hyperactive and noisy. She hits and pinches other chil- 
dren. She is immoral. She was Anally committed to Byberry in September, 
1933, where she causes a great deal of disturbance. Of 5 siblings, 4 are well 
adjusted. One brother has had some character change following a severe 
cerebral concussion in 1930. The characteristic behavior change, as well 
as the signs of organic involvement of the extrapyramidal system, led to 
the diagnosis of encephalitis in this case. The absence of any symptoms 
of an acute infection of this nature other than the “cold” she had at birth 
suggests that the condition is congenital. 

Case 4. — E. E., white male, born October 12, 1918. The mother had 
a slight attack of influenza during the 8th month of pregnancy, from which 
she entirely recovered. The delive^ was normal, but the child did not 
cry for 24 hours after birth, follo%ving which he cried almost incessantly 
during the first 5 months of life. At 6 months, he had a severe attack of 
diarrhea, which lasted for several weeks. Aside from this, measles was the 
only other disease in childhood. He has always been weak on the left side 
of his body and in addition has been very hyperactive. He was referred to 
the Graduate Hospital for study in December, 1929. Physical examination 
revealed marked arrhythmia of vdnking and rigidity of muscles of the right 
face, arm, and leg of the extrapyramidal type. Reflexes were greater on the 
right than on the left, but no pathologic reflexes could be demonstrated. 
He also had a mild dysarthria and loss of automatic associated movements 
of the right side. He showed a marked character disorder. He could not 
be controlled in school, hit other children, and had violent temper tantrums. 
When last seen in March, 1934, his father asked that he be committed to 
Byberry, as he feared that he might do harm to the other children in the 
family. He is of normal intelligence. Four siblings are normal and well 
behaved. This case is clearly one of encephalitis and is apparently con- 
genital. 

Case 5. — A. L., white male, born October 1, 1918. The mother had 
just recovered from a severe attack of influenza when she fell into labor 
1 month before term. The delivery was normal. The child seemed fairly 
normal at birth, but had several convulsions a few days after. He was slow 
in developing. He walked at 3 years and talked at 5. He had measles, 
varicella, and bronchitis in childhood. He was examined at the Philadelphia 
General Hospital in 1930, and again in 1934. Physical examination showed 



526 


stewaet: encephalitis in children 


some loss of automatic associated movements, asymmetry of finger spacing, 
slight rigidity of the cog-wheel type, and a marked dysartliria. He was 
otherwise neurologically negative. He is definitely feeble-minded, having an 
I. Q. of 30. The Wassermann test was negative. A diagnosis of encephahtis 
was made in this case on the basis of the neurologic findings. It is appar- 
ently congenital. ' 

Case 6. — T. K., white male, born July 20, 1923. The mother had a 
severe attack of influenza at the time of the child’s birth. The delivery 
was normal but she states that her physician told her that the child was 
born with a “sleeping brain.” The child was very lethargic during the 
first few montlis of life, and was very slow in learning to walk and talk. 
He had measles, varicella, pertussis, and pneumonia in childhood. He was 
referred to the Graduate Hospital for study in 1928, at wliich time, he was 
hyperactive, was unclean in his personal habits and had violent temper tan- 
trums when crossed. Neurologic examination was negative with the excep- 
tion that his pupils reacted to light but not to accommodation. His I. Q. 
was 90, and the Wassermann test negative. He is now in an orphanage, 
where he seems to be making a fairly good adjustment. The history of 
sonmolence, dating from birth, the reverse Argyll-Robertson pupil, a com- 
mon finding in epidemic encephalitis, and the behavior disorder, led to the 
diagnosis of congenital encephalitis. 

Case 7. — C. H., white male, born April 21, 1919. The mother had 
influenza in the 7th month of pregnancy, from which she fully recovered 
and had a normal delivery at term. The child was slow in developing. 
He walked at 19 months, and talked at 3 years, at wliich time he had a dis- 
tinct impediment in speech. He had measles, varieeUa, and broncliitis in 
childhood. . Since infancy, he has been hyperactive and diffieult to control. 
He was brought to the Philadelpliia General Hospital in December, 1927, by 
liis mother, who said she could not manage him. He had taken §8 from 
her pocketbook, treated the boys in the neighborhood to candy, bought 12 
toy balloons and stayed out all night. The delivery man found him in a 
bread box in front of a grocery store the following morning. Physical 
examination revealed a very hjqieractive boy of 9 years, showing no physical 
abnormalities. Since then, he has had a long court record. He has stolen 
many bicycles, which he rides for a while, and then abandons. He is a run- 
away, and has made physical attacks on several people. He was committed 
to Glen Mills in 1931 for breaking into a store. He escaped 2 weeks 
afterward, and has not been heard from since. There are 4 siblings, all 
apparently normal. 

All of these cases have several important features in common. 
They were born of mothers who had influenza during the later 
months of -pregnancy. Their symptoms have apparently existed 
from the time of birth. They give no history of acute illness, which 
might have been epidemic encephalitis, nor in any case did the 
onset of symptoms coincide with the occurrence of one of the usual 
diseases of childhood. 

In spite of the fact that no corroborative autopsy evidence can 
be offered, there is little doubt as to the diagnosis in these cases. 
In 5 there is sufficient evidence of organic involvement of the extra- 
pjTamidal system to verify the diagnosis of encephalitic sequelte. 
Four are Parkinsonian in type, while the 6th has choreiform tremors, 
which are increasing in severitj’’. The 6th case gives a definite 
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history of lethargy which was first noticed at birth. In addition, 
examination of his pupils revealed the reverse Argyll-Robertson 
phenomenon, which is recognized as being a common sequel of 
epidemic encephalitis. The 7th was the only case in which the 
physical findings were negative. Here, the diagnosis was based on 
the type of behavior disorder. 

Postencephalitic behavior, like the behavior seen frequently 
following cerebral concussions and in a milder form complicating 
Sydenliam’s chorea, is definitely compulsive in type. It seems to be 
owing to lack of inhibition rather than to willful antisocial tendencies. 
These individuals are seized by uncontrollable impulses which they 
are compelled to follow and afterward are at a loss to explain. 
All of the children, except A. L., who is an imbecile, show this char- 
acteristic type of behavior, while C. E., unliampered by physical 
infirmities, is. the best illustration of it. 

The majority of these cases, therefore, present both the behavior 
disorder as well as the organic signs characteristic of the sequelte 
of epidemic encephalitis. They appear to be congenital and follow 
maternal influenza. 

The possibility of a relationship between influenza and epidemic 
encephalitis has been implied by some clinical evidence. The coin- 
cidence of the two recent epidemics, the definite encephalitic 
symptoms, such as somnolence and diplopia, which sometimes 
accompany an attack of influenza, and, the occurrence of clear-cut 
cases of encephalitis during epidemics of influenza, suggest the 
kinship of these two diseases. It is also a well recognized fact that 
many individuals presenting unmistakable signs of chronic enceph- 
alitis give a definite history of having had influenza, but, on the 
other hand, have never had symptoms suggestive of acute encephal- 
itis. However, it must be added that it is not always possible to 
obtain a history of either infection in these cases. In addition, 
there is some bacteriologic evidence that the influenza bacillus 
may be the etiologic factor in epidemic encephalitis. The work of 
Crofton,^® as well as that of the writer in collaboration with Evans,^® 
strongly suggests this hypothesis. Since the 1918 epidemic, how- 
ever, the Pfeiffer bacillus has fallen into abeyance as the sole causal 
factor in influenza. 

While the cases cited in this report cannot be accepted as proof 
of the existence of a common etiologic factor in these two diseases, 
they suggest that such may be the case. While keeping in mind the 
possibility of the post hoc ergo propter hoc fallacy in these cases, 
it is worth while to investigate the prenatal histories of children 
showing signs of chronic encephalitis, not preceded by an acute 
attack of the disease. In all cases of fetal death, as a result of 
maternal influenza, the autopsy should include an examination of 
the central nervous ■ system. 
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INSULIN ALLERGY. TREATMENT WITH HISTAMIN. 

By William S. Collens, B.S., M.D., 

CHIEF OF DIABETIC CLINIC, 

George Lerner, M.A., M.D., 

ASSISTANT OF DIABETIC CLINIC, 

AND 

Solomon M. Fialka, M.D., 

ASSISTANT OF DIABETIC CLINIC, ISRAEL ZION HOSPITAL, 

BROOKLYN, N. Y. 

(From the Diabetic Clinic, Israel Zion Hospital.) 

Since the introduction of insulin into the therapj" of diabetes, it 
has been observed that a certain percentage of these insulin-treated 
cases develop either reactions at the site of injection, or general 
reactions which are quite characteristic of protein sensitization. 
The literature of the past 10 years contains a number of reports of 
insulin-treated patients who developed these allergic reactions. A 
complete reidew of this subject up to 1932 is found in an article on 
insulin allergy by Allan and Scherer.^ An excellent study of the 
immunologic considerations of insulin hjqiersensitiveness was made 
by Tuft.- 

IWien a diabetic patient on insulin treatment develops a protein 
reaction, the problem becomes a very disconcerting one, particularly 
if the diabetes is so severe that its management and control require 
the continued use of insulin. The incidence of patients e.xperiencing 
sensitization reactions, among insulin-treated cases, is a significant 
one. Allan and vScherer report it as high as 14.1% in a collected 
series of over 1800 diabetics. Lawrence,''* in 1925, observed these 
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reactions in as many as 30% of his cases. We have collected 4.07 
cases of insulin-treated diabetics in the past 3 years and have found 
30 patients who developed protein reactions, an incidence of 7.3%. 

Although there have been sporadic case reports of generalized 
urticarial reactions,- all of our cases gave only local reactions. Of 
the 30 cases in our series, 27 showed local reactions beginning 
between the 7th and 15th day after insulin therapy ivas instituted. 
Three cases developed reactions after 3 weeks of treatment. The 
reactions were uniformly characteristic in all cases, and differed 
only in degrees of severity. They were characterized by the 
development, between 1 and 6 hours after the injection, of a local- 
ized swelling, redness, heat, surrounding erythema, severe itching 
and pain at the site of injection. These reactions would last, in 
some cases, as long as 36 hours and then subside spontaneously. 
The symptoms would frequently become so distressing that some 
means had to be found to relieve the patients. Just as with other 
observers, our experience has been that merely changing the com- 
mercial type of insulin used was sufficient to make a continuation of 
the treatment possible. Twenty-five patients responded to this 
form of treatment. Five patients showed reactions to all types of 
insulin, so that it became imperative that diabetic treatment be 
continued with dietetic restrictions alone (Table 1). 

Attempts at desensitization have frequently been employed and 
sometimes successfully. We have used this procedure with 2 patients 
who showed positive skin tests to all types of insulin, including 
crystalline insulin. Desensitization, with commercial Lilly insulin, 
was started in both cases with 0.0001 unit and gradually increased 
by doubling the dose ei^ery other day. When 0.1 unit was reached, 
the dose was increased by tenths of a unit. The procedure was 
necessarily long and covered a period of 3 months.' At the end 
of this period, both patients were able to tolerate as much as 15 units 
in a dose, given twice a day. Desensitization, however, lasted only 
for 1 month. Both patients again began to shoiv local reactions 
so that it became necessary to stop the insulin. One year later 
1 of these patients experienced an infection of a foot with a severe 
break in sugar tolerance. Insulin therapy was indicated and 
employed with the development of such mild local reactions that it 
was possible to continue using it. 

Spontaneous desensitization has been reported in a few cases of 
insulin allergy. Sturtevant,'* in 1924, reported a case of a diabetic 
patient who "developed a local, hard, painful nodule at the site of 
injection. The skin over the nodule was hot to the touch, red, 
raised and clearly marked off from the normal skin. The reaction 
lasted 72 hours and then gradually disappeared. These lesions 
appeared after every injection for 6 weeks, then became less severe 
and soon disappeared completely, so that the patient ivas able to 
take insulin without any discomfort. Lasersohn,^ in 1930, reported 
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a case of a patient who developed a local reaction at the site of 
injection. After 3 weeks, the local reaction was less marked, and 
in another week had entirely disappeared. 


Table 1. — E,BstrLTs of Treatment in 30 Diabetics With Local Insulin 

Reactions. 


Name. 

Type of 
reaction. 

Onset of 
reaction, 
No. of days 
after begin- 
ning insulin. 

Type of insu- 
lin to whicli 
patient was 
sensitive. 

Xrcatmcnt. 

Results. 

mm 

Local 

14 

Lilly 

Histamin 

Good. 


Local 

24 

Lilly 

Special 

Relieved; able to take 
regular insulin in 
9 mos. 

S. A. 

Local 

10 

Steams 

Special 

Relieved. 

D. B. 

Local 

10 

Lilly 

Special 

Relieved. 

S. C. 

Local 

IS 

Lilly 

All brands insulin 

Sensitive; insulin dis- 
continued. 

L. D. 

Local 

15 

Stearns 

Special 

Relieved 

B. D. 

Local 

8 

Squibb 

Special 

Relieved. 

M. D. 

Local 

11 

Lilly 

All brands insulin 

Sensitive; insulin dis- 
continued. 

S. E. 

Local 

10 

Lilly 

Special 

Relieved. 

R. E. 

Local 

9 

Lilly, Lilly 
Spec, and 
Mulford 

Squibb 

Relieved. 

F. 

Local 

10 

Squibb 

Special 

Relieved. 

R. F. 

Local 

11 

Lilly 

Lilly Spec., Hog, 
Mulford 

Relief in 2 mos. 

S. F. 

Local 


Steams 

Special 

Relieved. 

H. G. 

Local . 

10 

LiUy 

Special 

Relieved; no reaction 
to regular insulin 
6 ivks. later. 

F. G. 

Local 

12 

Lilly 

Special 

Relieved. 

P. G. 

Local 

• 

10 

LUly 

Mulford, Steams 
Spec. 

Sensitive; insulin dis- 
continued. 

J. H. 

Local 

10 

Squibb 

Special 

Relieved. 

H. H. 

Local 

9 

Lilly 

Lilly Spec., Hog 
insulin 

Relieved; later able to 
take regular insulin. 

R. L. 

Local 


Lilly 

Lilly Spec., Hog 

Sensitive; insulin dis- 
continued. 

P. 

Local 


Steams 

Hog, Spec. 

Able to take special 
insulin after 1 mo. 

L. R. 

Local 


Lilly 

Mulford, Lilly 
Spec. 

Relieved by Mulford. 

E. S. 

Local 

9 

Lilly 

Special 

Relieved. 

S. S. 

Local 

9 

Lilly 

Special 

Relieved. 

M. S. 

Local 

7 

Lilly 

Special 

Relieved; C wks later 
took regular insulin. 

H. S. 

Local 


Lilly 

t 

Special 

Relieved; 2 mos. later 
took regular insulin. 

M. S. 

Local 


Lilly 

Special • 

Relieved. 

R. T. 

Local 

10 

Lilly 

Special 

Relieved; 1 mo. later 
no reaction to regu- 
lar insulin. 

S. F. 

Local 


Steams 

Special 

Relieved. 

H. S. 

Local 

12 

Lilly 

Special 

Relieved. 

E. R. 

Local 

11 

Lilly 

Special 

Relieved. 
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Some reports have recently appeared of cases of urtiearia due to 
physical causes, which have demonstrated a remarkable therapeutic 
response to the use of liistamin injections. Bray® reported the case 
of a boy, aged 8, who experienced localized and generalized allergic 
reactions to cold water. Placing his hand in cold water at a tem- 
perature of 45° F. resulted in localized redness, swelling and itching 
of the immersed hand, followed by generalized symptoms of head- 
ache, faintness, dyspnea, cough and a depression in temperature 
and blood pressure. A successful immunity to this form of physical 
allergy was affected by repeated injections of histamin hydrochlorid. 
Mueller^ reported the case of a woman, aged 29, who developed 
periodic edema of the left hand, occurring every 14 days and lasting 
for 7 days, which had been treated with milk and pituitrin injections 
vdthout any improvement in the condition. Repeated injections 
of increasing doses of histamin brought about a temporary desen- 
sitization which lasted for 5 weeks, after which the edema reap- 
peared. Another series of histamin injections was given, and 11 
months after the last injection there had been no reappearance of 
the swelling. 

In view of the cases just reported on the favorable influence of 
histamin on states of physical allergy, we felt that such therapy 
might present some measure of potential value in the insulin- 
sensitive diabetic. We decided to study the effect of repeated 
injections of histamin on a patient who had been continuously 
sensitive to all types of commercial insulin for a period of 1 year. 

Case Report. J. A., male, aged 58, had been diabetic for over 9 years, 
during the first 8 of which the condition was controlled by diet alone. 
In November, 1932, he had a sudden break in sugar tolerance, necessitating 
his return for treatment. He complained of weakness, weight loss, polyuria, 
polydipsia, sleeplessness, headaches, a voracious appetite and constipation. 
The physical examination disclosed nothing significant except evidences 
of wasting. The blood pressure was 146/90. He was excreting 2.5% sugar 
in the urine, a total of 25 gm. in 24 hours. His fasting blood sugar was 
186 mg. His weight was 123 pounds; his height, 5 feet 3 inches. He was 
placed on a diet containing carbohydrate, 180 gm., protein, 60 gm., fat, 
150 gm., having a caloric value of 2400 and containing 231 gm. of available 
glucose. He was given 10 units of Lilly insulin (U-40) b. i. d. At the 
end of a week he had gained 1§ pounds, his fasting blood sugar was 140 mg. 
per 100 cc. and the excretion of glucose in his urine was only a trace. 'I\velve 
days after insulin therapy was instituted he developed local reactions at 
the site of injection, characterized by redness, heat, swelling, induration, 
itching and pain. These reactions came on 6 to 8 hours after the injection 
and lasted about 36 hours. He was then ordered to take Lilly Special 
insulin (U-40) to which he reacted similarly. Intradermal skin tests were 
then performed with the following, samples of insulin: (1) Lilly, (2) Lilly 
Special (prepared from beef pancreas only), (3) LiUy Hog, (4) Stearns, 
(5) Mulford and (6) Squibb. The local reactions were strongly positive 
and equal in all cases. As a result of this experience we found it necessary 
to stop the administration of insulin and treat liim ■with dietetic measures. 
He was then placed on a diet containing carbohydrates, 125 gm., protein, 
60 gm., fat, 200 gm., -with a caloric value of 2500, and containing 181 gm. 
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of available glucose. On this diet he excreted 12 gm. of sugar in 24 hours, 
and his fasting blood sugar ivas 154 mg. On October 20, 1933, subcu- 
taneous injections of histamin phosphate were started, beginning vdth 
0.1 mg. and gradually increasing the dose until he was receiving 1 mg. per 
dose. Injections were given 3 times a week for 13 doses. For the first 
10 days he continued to take insulin on those days on which he did not 
receive histamin. About 1 hour after taking the insulin he developed 
either local areas of induration at the site of injection, or generalized urti- 
carial wheals and itching over the entire body. After the 4th injection of 
histamin insulin was stopped until after the Sth injection, when he received 
1 mg. of histamin. The histamin was stopped, and insulin therapy 
instituted once more for a period of 1 week. During this time he developed 
local reactions at the site of injection, and although the reactions were 
much milder than_ those he former^ e.\-perienced, it was decided to stop 
the insulin and give him another series of histamin injections, starting 
■ndth 0.5 mg. for 1 dose, and then giving 4 injections of 1 mg. each. The 
reactions to the histamin were characteristically uniform throughout the 
treatment, differing only in severity. At the site of injection he developed 
a local reaction which consisted of severe itching, wheal formation and 
surrounding erythema. There were generalized reactions of marked 
flushing of the face, headache, sweating of the face, paresthesias of the 
pahns of the hands, dizziness, sneezing and depression of blood pressure. 

After the last injection of histamin the patient was put on a diet con- 
taining carbohydrates, 170 gm., protein, 75 gm., fat, 140 gm., vith a caloric 
value of 2240, and. 10 units of insulin once a day. It is now 6 months since 
histamin was given, and he has been talcing 15 units of insulin daily witliout 
any local reaction whatever. 

Discussion. The rationale of the use of histamin as a therapeutic 
agent for desensitizing immunologically sensitive individuals is not 
clear to us. The role of histamin in immunology has been subjected 
to a considerable degree of investigation. Lewis and Grant,® in 
studying vascular reactions of the skin to injury, have produced 
evidence to indicate that the wheal resulting from stroking of the 
skin contains a histarain-like substance. Their theory is that 
histamin is locked up in the tissue cell and is suddenly released by 
skin injury. Histamin will similarly be liberated in response to 
scratching, pricking and heat. The reports of cases of physical 
allergy such as the development of localized edema of an extremity 
following immersion in cold water seems to fall into the category 
of factitious urticaria resulting from sldn injury and resembles the 
experimental phenomena of Lewis and Grant. It would appear, on 
the face of it, that the edema fluid in these cases contains histamin- 
like substances, although there has been no e.xperimental evidence 
to prove this point. How, under such circumstances, the repeated 
injections of histamin is beneficial in cases of physical allergy or 
factitious urticaria is difficult for us to understand. In spite of 
the difficulty in interpreting the therapeutic mode of its action, we 
have been struck vnth its beneficial effect in the treatment of physical 
allergy and, in our case, of insulin hypersensitiveness. 

There seems to be every indication that the phenomenon of insulin 
hypersensitiidty is an antigen-antibodi' reaction. The supporting 
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evidence for this concept-is (1) that local passive transfer of sensi- 
tized serum has given positive results, and ;(2)'|that it takes approxi- 
mately 8 to 10 days for the sensitivity to develop, closely resembling 
the incubation period of serum sickness. It is dijfficult to conceive 
that the sensitization arises from the complex protein molecule 
itself, because up to our present degree of understanding, crystalline 
insulin, from whatever source, seems to have the same type of 
chemical construction. In view of the fact that most patients 
obtain relief from these reactions by changing the commercial brand 
of insulin, it would appear that the guilty protein is not in the insulin 
molecule itself, but in the protein carried along through the various 
stages of so-called purification. As a matter of fact, the evidence 
that the insulin molecule is a protein has not been absolutely estab- 
lished, for evidence has been presented to show that the crystalline 
insulin of Abel is not the molecule of insulin itself but may be a 
crystal of protein to which the activated insulin has been adsorbed.® 

Summary and Conclusions. 1. The incidence of local insulin 
hypersensitiveness has been discussed. In our collected series of 
408 insulin-treated diabetics we found an incidence of 7.3%. 

2. This phenomenon appears to be an antigen-antibody reaction. 

3. Favorable therapeutic results have been obtained by means of 
insulin desensitization. 

4. Our best and quickest therapeutic effect was produced by 
repeated injections of histamin phosphate, A case is reported. 

Note. — We wisli to express our appreciation to Eli Lilly and Company for their 
cooperation and assistance in this study. 
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SIGNIFICANT ACTIVE PULMONARY TUBERCULOSIS IN THE 
APPARENTLY HEALTHY ADULT. A STUDY OF 141 

CASES. 

By Haynes ILvrold Fellows, M.D. 

ASSISTANT MEDICAL DIRECTOR, METROPOLITAN LIFE INSURANCE COMPANT, 

NEW YORK CITY, 

It is imperative to detect pulmonary tuberculosis in its earliest 
stage both for the most successful treatment of the patient and for 
the control of the disease from a public health standpoint. This 
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is fundamental and so generally accepted that amplification of this 
statement is unnecessary. How to attain this ideal is the question. 

The purpose of this report is to record such an attempt with the 
results obtained to date. Before proceeding with the actual report, 
a few words of explanation are necessary. Prior to 1927, applicants 
for employment at the Home Office of the Metropolitan Life Insur- 
ance Company received an average careful and thorough physical 
examination before acceptance. Those persons admitting a history 
of a condition associated with pulmonary tuberculosis and those' 
who presented unusual physical signs received a Boentgen ray 
examination of the chest. After appointment each Home Office 
employee received an annual physical examination and such labor- 
atory examinations as were necessary. In spite of these precautions, 
it was not unusual to detect advanced pulmonary tuberculosis in 
an employee shortly after a negative physical examination. There 
were two possibilities to consider: (1) we might be dealing with a 
type of disease of rapid onset and i^rogression or (2) our method 
of physical examination of the lungs had shortcomings. It was 
decided to attempt to determine where the truth lay. Admittedly, 
a routine Roentgen ray film of each individual at a pre-employment 
examination or annual examination would be the ideal method of 
recording the absence or presence of an evident pulmonary lesion. 
The expense of such a procedure was considered prohibitive unless 
proved necessary. As a substitute, fluoroscopes were installed 
and the entire medical staff was trained to make a fluoroscopic 
examination of the thorax in addition to the usual physical examina- 
tion. The sole purpose of such an examination was to determine 
whether or not we were dealing with a healthy adult chest, or 
whether more intensive study by Roentgen ray was indicated. Our 
experience with the fluoroscopic examination, gained in the past 
7 years, has convinced us that it is most important and we believe 
that no physical examination should be considered complete without 
either a Roentgen ray film or a fluoroscopic examination of the 
thorax. So much by way of introduction. 

The points of particular interest in this report are: 

A. The cases studied were adults with signiflcant active pulmon- 
ary tuberculosis. 

B. The group included an encouragingly large proportion of 
minimal cases. 

C. The majority of the cases were detected before the patients 
became “fll.” 

D. The majority of cases were detected before physical signs 
were evident. 

E. Positive sputum or positive guinea-pig were relatively num- 
erous at some time during the period of treatment. 

A. The diagnosis of pulmonarj'' tuberculosis was confirmed on 
131 (93%) at the hletropolitan Life Insurance Company Sanatorium 
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at Mount IMcGregor. The other 10 (7 %) cases did not go to the 
Sanatorium and the diagnosis was established in a logical, orderly 
fashion by the Home Office Medical Division or outside agencies. 

While the large majority of the cases were detected between the 
ages of 17 and 24, yet it is to be noted that 27 of the cases were 
over 25 at the time of initial diagnosis (see Table 1). 


Table 1. — Sex and Age at Diagnosis Accohding to the Reason fob Taking 
THE Roentgenogram on AVhich Diagnosis was Made. 


Reason for taking Roentgeno- 
gram. 

Males. 

Females. 

Total. 

Age 

17- 

19 

Age 

20- 

24 

Age 25 
and 
over. 

Total 

Age 

ir- 

is 

Age 

20- 

24 

Age 25 

and 

over. 

History 

11 

5 

2 

4 

62 

16 

1 37 

9 

Fluoroscopic findings 

10 

1 

6 

3 

49 

6 

34 

9 

Routine re-Roentgenogram 

1 


1 


8 

2 

4 

2 

Total 

22 

6 

I ° 

7 

119 

24 

75 

20 


B. Ninety-one (65%) were detected in the minimal stage; 42 
(30%) in the moderately advanced; and 8 (5%) in the far-advanced 
stage. The proportion of minimal cases in this group admitted 
to our Sanatorium for treatment is about five times as great as the 
average admission rate of minimal cases reported by Hill and 
Williams in a survey of representative sanatoria made in 1929 (see 
Table 2). 

Table 2. — Stage at Diagnosis According to the Reason for Taking the 
the Roentgenogram on Which the Diagnosis was Made. 


Reason for taking 
Roentgenogram. 

Total. 

Minimal. 

Moderately 

advanced. 

Far 

advanced. 

History 

73 

44 

23 

6 

Fluoroscopic findings 

59 

41 

16 

2 

Routine re-Roentgeno- 
gram 

9 

6 

3 • 





. — 

— 

— 

Total 

141 

91 

42 

8 


C. It should be emphasized that in this entire group of patients 
there were only a very few who were toxic or would be considered as 
obviously “ill” from a clinical standpoint. 

There were 47 (33%) who were symptom-free, and it was only 
after close questioning that 13 (9%) admitted fatigue only, IS 
(13%) cough, or cough and expectoration alone, and 14 (10%) 
slight chest pain only. In other words, 92 (65%) were symptom - 
free or had only one symptom, not in itself pathognomonic (see 
Table 3). 

D. Of the entire group of 141, only 59 (42%) had rales at either 
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tlie examination at the Home Office or on admission to the Sana- 
torium; 6 (4%) had evidence of pleurisy with effusion. 

Table 3. — Symptoms Elicited at Home Office at Time of Roentgenogram or 
AT Examination a Few Day’s After Diagnosis was Made ; According to 

Stage. 


Symptoms. 

Total. 

Min. 

M. A. 

F. A. 

No symptoms 

47 

37 

9 

1 

Fatigue only .... 

13 

10 

3 

— 

Cough only .... 

18 

8 

6 

4 

Chest pain only . 

14 

10 

4 

— 

Hemoptysis only 

4 

2 

1 

1 

Two or more symptoms 

45 

24 

19 

2 

Total 

141 

91 

42 

8 


There were 63 who had lost 3 povmds or more; 27 who had gained 
3 pounds or more; and 51 whose weight has been stationary (±2 
pounds) within the year prior to establishing the diagnosis (see 
Tabled). 

Table 4. — Weight Changes Within 1 Year Prior to Diagnosis; According to 

Stage of Disease. 


Stage 

Total. 

Loss 

6 pounds 

Loss 

3-5 

Stationary 
+ or — 

Gain 

3-5 

Gain 

6 pounds 

or more. 

pounds. 

2 pounds. 

pounds. 

or more. 

Min. 

. 91 

25 

16 

32 

13 

5 

M. A. . 

. 42 

10 

9 

17 

2 

4 

F. A. . 

8 

1 

2 

2 

2 

1 


— 

— 

— 

— 

— 

— 

Total 

. 141 

36 

27 

51 

17 

10 


E. Of the 131 cases who went to the Sanatorium, 25 had a posi- 
tive sputum, 12 a positive guinea-pig, and 4 had a positive sputum 
and positive guinea pig at some time during the course of their 
treatment, and 90 had negative laboratory reports. Thirty-one 
per cent, then, had either a posith'^e sputum or a positive guinea-pig 
at some time during their treatment. 

Table 5. — Laboratory’ Findings by Stage at Time of Diagnosis; 131 P.ytients 
AVho Went to the Metropolitan Life Insurance Company 
Sanatorium. 


Stage. 

Cases. 

Negative 

laboratory 

findings. 

Sputum 

positive. 

Guinea-pig 

positive. 

Min. 

. 83 

72 

8 (3) 

6 (3) 

M. A. . 

. 41 

16 

IV (1) 

9 (1) 

F. A. . 

7 

2 

4 

1 

Total 

. 131 

90 

29 (4) 

16 (4) 


Cases in parentheses had positive sputum and positive guinea-pig. 


Of those who went to the Sanatorium, 73 first had Roentgen 
ray examinations because of a slightly suggestive history; 2S 
(38%) of them had a positive sputum or guinea-pig test or both. 
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Of those 68 who had Roentgen ray examinations because of fluoro- 
scopic findings or as a routine reexamination 13 (19%) had positive 
sputum or guinea-pig test or both during treatment (see Table 5). 

It is interesting to note that there were only 26 known or ques- 
tionable cases of contact. 

Conclusion. It is possible to detect cases of active pulmonary 
tuberculosis roentgenologically before symptoms and physical 
signs become established. 

I wish to express my appreciation to Mrs. Margaret G. Stephens and Miss Mar- 
garet Wichmann for their part in the preparation of this paper. 


THE TUBERCULIN REACTION IN RHEUMATIC FEVER. 

By Frances Pascher, M.D., 

CUNICAL ASSISTANT IN PEDIATRICS, THE JEWISH HOSPITAL OF BROOKLYN, 

BROOKLYN, N. Y. 

(From the Department of Pediatrics, The Jewish Hospital of Brooklyn, Dr. Benjamin 
Kramer, Pediatrician-in-Chief.) 

The similarities between rheumatic fever and tuberculosis have 
been pointed out for many years. The two diseases have been 
compared clinically, epidemiologically,^® pathologically^ and 
immunologically.^i More recently the similarities in the skin 
manifestations of both diseases have been emphasized. New 
interest has been aroused in the whole subject by the work of Lieb- 
ermeister,^® Reitter and Lowenstein.^*’** The latter found as high 
as 70% positive cultures for tubercle bacilli in blood of patients 
with rheumatic fever. 

With these interesting considerations as a background, we thought 
it would be of interest to study the nature of the tuberculin reaction 
in rheumatic fever. From an earlier investigation made by Sulz- 
berger and Feit,^^ on a group of 20 children with rheumatic fever 
in the quiescent stage, and with cardiac decompensation, it appeared 
that patients with this form of infection were less sensitive to 
tuberculin than the normal. After discussion with Dr. Sulzberger 
we agreed that, in order to determine whether or not the reaction to 
tuberculin in rheumatic fever subjects was altered, a more com- 
prehensive study was essential. 

In our series we studied the reaction of 245 patients with rheu- 
matic fever. The group consisted of children between the ages of 
2 to 15 years. During the active phase of the disease 157 cases 
were tested, 88 during the quiescent stage and 35 tested during both 
periods. ' Inactive as well as active cases were included in order to 
determine whether or not the degree of tuberculin sensitivity might 
be influenced by the activity of the infection. The series also 
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included 44 cases of chorea, 16 of which were retested after the 
choreiform movements had completely subsided. The studies were 
carried out on cases of rheumatic fever admitted to the Pediatric 
Division of the Jewish Hospital of Brooklyn. The active series 
included patients with joint, nervous system, cardiac and skin 
manifestations, either individually or in combination. Those with 
cardiac disease were in the majority of instances classified as II A 
II B (American Heart Association classification). Only patients 
without symptoms or signs of activity and with a sedimentation 
time of over 2 hours (Linzenmeir method) were considered inactive.®® 
The initial test was made with 0.1 mg. of Old Tuberculin (N. Y. 
City Board of Health) injected intradermally (Mantoux). 
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When this first injection produced no reaction, the patients 
were retested with 1 mg. and 5 mg. (respectively 0.1 cc. of a 1 to 
1000 dilution, 0.1 cc. of a 1 to 100 and 0.1 cc. of a 1 to 20 dil.). 
Sterile carbosaline was used as a control. Patients were observed 
for local, general and focal reactions. 

As the control group 273 patients of comparable age Avere em- 
ployed. The controls were selected from admissions to the service 
suffering from various febrile and afebrile conditions not including 
rheumatic fever or tuberculosis. Moribund patients, cases of sepsis 
or of questionable diagnosis were also excluded. It Avas felt that 
such controls Avould be more exact than healthy school children, 
since Hart®^ and others haA’^e shoAAm that most febrile conditions 
tend to loAA'er the tuberculin reactiAuty to some degree. It AA'as 
reasonable to assume that rheumatic feA’^er would probably exert 
the same non-specific effect as other infections, and in comparison 
with a healthy group would, therefore, probably show a lowered 
incidence of tuberculin reacthdty. By using hospital patients, 
both febrile and afebrile, as in the rheumatic group, such a source 
of error was obAuated. The following observations were made; 
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1. The total incidence of positive tuberculin reactions in rheu- 
matic fever subjects was found to be approximately the same as in 
the non-rheumatics. 

(a) Total incidence of positives in rheumatic fever, 26.9%. 

(b) Total incidence of positives in control group, 24.4%. 

2. The incidence of positive reactions for each age group was 
approximately the same in the rheumatics and the non-rheumatics 
(Table 1). 


Table 1.— Positive Tuberculin Tests in Kheumatic Fever, 

Rheumatic fever. Controls. 


Age group. 

Number 

tested. 

2 to 3 

. . . 6 

4 to 5 

. . . 24 

6 to 7 

. . . 32 

8 to 9 

... 52 

10 to 11 . . 

... 55 

12 to 13 . . 

. . . 61 

14 to 15 . . 

. . . 15 


Total and average % . , 245 

Av. age 


Per cent 

Number 

Per cent 

positive. 

tested. 

positive. 

0 

10 

0 - 

16.6 

21 

9.5 

22.3 

56 

23.4 

28.8 

64 

34.8 

39.3 

43 

29.1 

35.2 

62 

25.6 

38.3 

17 

34.3 

25.7 

273 

22.3 

9.41 yrs. 

Av. age 

= 9.27+ yrs. 


3. The rise in incidence of positive reactions with increasing age 
in the rheumatic fever series closely paralleled that of the control 
group (see graph). 

4. The reaction to tuberculin was the same in both phases of the 
disease (active and inactive). 

(a) Positive incidence in active group, 26.6%. 

(b) Positive incidence in the inactive group, 28.5%. 

(c) In 35 cases tested during the active and inactive phases of 
the disease it ivas shown that: 

Twenty-two cases negative during the active stage remained 
negative in the inactive stage. 

Eight cases positive during the active stage remained positive in 
the inactive stage. 

Five cases negative during the active stage were positive when 
retested during an inactive phase; 4 of these were retested after a 
period of 1 year and 1 was retested after an interval of 2 years. 
This alteration in the reaction in the last group can be accounted for 
by the well-known rise in incidence of infection with increasing age 
as the opportunity for contact with tuberculosis increases. 

(d) Pour patients who were previously negative and were retested 
during a recurrence of active symptoms remained negative. 

5. The incidence of positive tuberculin reactions in the chorea 
group was 22.2%, almost identical with that of the control group. 
The reaction to tuberculin did not change in any of the 16 cases 
retested after cessation of the choreiform movements. 

6. No systemic effect or focal flare up following the injection of 
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tuberculin, such as described bj’’ Reitter and Lowenstein vas 
observed in any patient, even when the local response was markedly 
positive. 

Comvient. The reliability of the tuberculin test as method of 
determining tuberculous infection, with very few exceptions, is 
well enough established. The notable exceptions occur: 

1. During the interval between infection with tuberculosis and 
the development of hypersensitivity, 

2. During tuberculin therapy. 

3. In conditions with negative anergy, e. g., cachexia, moribund 
states, miliary tuberculosis, postexanthemata, especially measles. 

4. In conditions with positive anergy, i. e., in certain skin and 
other diseases, e. g., sarcoids, lupus pernio, lupus miliaris faciei, 
some case of papulonecrotic tuberculids and erythema induratum 
and in osteitis tuberculosa cj'^stica of Jungling.®^'®^'®® (Dor English 
ref. see Jadassohn,®- and Sulzberger and Wise.®®) 

Tavo types of anergy (positive and negative) are now recognized 
in view of the Avork of Jadassohn, Pickert and LoAvenstein,®^ Jadas- 
sohn,®® Martenstein and Noll,®® and others.^" 

Negative anergy can again be of tAvo sorts: 

(а) One in which the power to react to tuberculin is diminished 
or lost as result of an exhausted state. 

(б) Or because there has been no opportunity for the formation- 
of hypersensitivity (as when infection has never taken plaee). 

Positive or specific anergy, on the other hand, occurs in certain 
forms of tuberculosis with a relatRely benign course, notably 
sarcoids of skin, lungs and bone (osteitis cystica). 

In these patients the altered reaction to tuberculin, i. e., the 
diminished sensithdty, has been attributed to some degree to the 
presence of certain substances in the blood serum and in the tissue 
fiuids expressed from the lesions. For these fluids, Avhen obtained 
from patients with a positNe anergy, and when mixed AA'ith tuber- 
culin m vitro in certain proportions, are found to counteract the 
effects of tuberculin. These substances haA’’e been designated as 
anticutines by Pickert and LoAA'enstein.®^ 

Because of the existence of positiA’'e anergy in certain forms of 
disease, known to be due to the tubercle bacillus, a marked decrease 
of sensitivity to tuberculin when regularly encountered might speak 
in taAmr of tuberculosis. HoweA'^er, aa'c found no alteration in the 
tuberculin reaction in our patients either in the direetion of hjqier- 
ergy nor anerg}”-, and may thus state that Ave could demonstrate 
no response speaking in faAmr of rheumatic feA’^er being a tuberculous 
disease. For it seems reasonable to assume that if rheumatic fever 
were a tuberculous condition, as claimed by Reitter and Lowenstein, 
this would have been reflected in the abnormal (hypoergic or 
hjTierergic) response to tuberculin. 
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Conclusions. 1. A study made of the tuberculin reaction (quan- 
titative Mantoux) in 245 cases of rheumatic fever in childhood shows 
that there is no divergence from the normal in the tuberculin reac- 
tivity in this group. 

2. This fact constitutes evidence against an etiologic relationship 
between rheumatic fever and tuberculosis. 
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SEPTICEMIA: A METHOD OP TREATMENT. 

Report of One Hundred Cases. 

By Fred Cadham, M.D., 

PROFESSOR OF BACTERIOLOGY AND IMMUNOLOGY, UNIVERSITY OP 
MANITOBA MEDICAL SCHOOL, 

■WINNIPEG, CAN. 

The diagnosis of septicemia in the cases included in this report 
rested on two facts: (1) That the patients presented the symptoms 
characteristic of the disease; and (2) that blood cultures were posi- 
tive. A streptococcus or staphylococcus was recovered from the 
blood of each patient. When considered ad^^sable, blood cultures 
were repeated and confirmed. 

The cases under review cover a period of 8 years and are unselected. 
Of the 100 patients treated, 85 recovered, a mortality rate of 15%. 
Excluding the 5 cases of subacute bacterial endocarditis, all of 
which proved fatal, the mortality rate was 10.5%. 

Procedure. Numerous strains of streptococci and staphylococci are 
recovered from patients with septicemia or from patients with pyemic foci 
resulting from infection with these bacteria. The microorganisms are 
cultured in serum broth and a vaccine prepared. A number of rabbits 
are selected and inoculated with- a hea-v^ suspension of the vaccine. Vac- 
cine is administered to the rabbit when 6 months old and the inoculations 
continued twice weekly tliroughout the useful life of the rabbit, using 
numerous strains of streptococci and staphylococci. The subcutaneous 
and intravenous route are both employed. VTien one of these animals is 
two years of age it is considered suitable for the immediate purpose in 
view. I keep 25 rabbits continuously immunized. 

VTien a positive culture is obtained from a patient showing symptoms 
of septicemia, a vaccine of the microorganism is prepared as rapidly as 
possible (generally vdthin 24 hours), and this vaccine is inoculated into a 
series of the immunized rabbits. On the follo\ving day, from 6 to 10 cc. 
of blood are withdra-wn by means of a vacuum tube from the heart of one 
of these rabbits, the blood is allowed to clot, the serum is removed, tested 
for sterility, and the patient is then inoculated subcutaneously or intra- 
muscularly with this serum. Inoculations with the vaccine of the causa- 
tive organism are continued daily with the series of rabbits already immun- 
ized and which have been selected for use in the particular case under 
treatment. If necessary the serum from the blood of these rabbits in rota- 
tion is administered to the patient on successive days. 

The patient’s blood is directly matched for a compatible donor. It is 
of advantage to have this procedure completed on the earliest indication 
that the case may prove to be one of septicemia. The suitable donor 
reports to the laboratory and from 60 to 100 cc. of blood are withdrawn 
into a large vacuum tube. The blood is allowed to clot at room tempera- 
ture, and subsequently placed in the ice chest for 12 to 18 hours. The 
serum is removed and the patient is transfused vdth this serum. If con- 
sidered necessarjq this procedure is also carried out daily, in which case 
it may be ad^^sable to have more than 1 donor. As a rule, I have admin- 
istered the human serum on alternate days. The average number of 
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combined treatments administered to the patients was 4, the greatest 
number administered to any single patient, 10. 

No drugs were given during the course of the treatment. On occasion, 
whisky was prescribed as a stimulant and then sparingly. The patient 
was encouraged to partake of a fairly liberal diet. 

Serum treatment was instituted on the average on the 6th day following 
the initial symptoms; the earher administration was on the 3d day, the 
most delayed on the I6th day. The first treatment with serum adminis- 
tered to a patient vdth subacute bacterial endocarditis was 6 weeks subse- 
quent to the initial symptoms. 


CASE NO. 6. 


PUERPERAL STREPTOCOCCUS SEPTICEMIA 



Chart I. 


Clinical Notes. Frequently following the administration of the 
serum a definite change is noted in the character of the temperature 
and pulse (see charts). The patient’s general condition improves 
and foci of infection give definite evidence of localizing. Blood 
cultures rapidly became sterile in the cases that recovered and 
remained positive in those in which there was a fatal termination, 
with the exception of 2 cases. One of the latter was a case of endo- 
carditis, mentioned later, the other a young girl w^ho had apparently 
recovered from the septicemia but subsequently died following the 
rupture into the bronchi of a lung abscess. 

Of the 100 patients, 90% developed a temperature of 104° F. or 
over; 92% had been characterized by the sudden elevations and 
remissions of fever associated with septicemia. The character of 
the temperature range did not prove to be of prognostic value; the 
percentage of recoveries was as high in those patients vdth the 
greatest elevation of temperatm-e as in those vdth the least. The 
highest temperature recorded, 108° F., occurred in a patient with 
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a streptococcal septicemia of puerperal origin; this unusual tem^ 
perature was checked; the patient recovered. 


CASE NO. 45. POST-OPERATIVE STREPTOCOCCUS SEPTICEMIA 
APRIL 19 20 21 22 23 24 25 26 27 28 



Chart II. 


CASE NO. 78. PUERPERAL STREPTOCOCCUS SEPTICEMIA 



Chart III. 


The pulse rate, as a rule, followed the temperature range, although 
in several cases it remained relatively high compared to the tem- 
perature. 
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Meningitis proved a serious complication in 8 patients; 6 died 
and 2 completely recovered. In each of these 8 , symptoms of men- 
ingitis were present before serum therapy was instituted and the 
microorganism was recovered from the spinal fluid in 7 of them. 


Tabt.® 1. — Report of Cases (Recovery). 


Source. 

No. 

Age 

aver. 

Age 

range. 

Sex. 

Blood culture. 

Complications. 

Puerperal 

24 

26 

18-42 


S. hemol., 12; strep., 12 

Abscesses, 8; nephritis, 4; 
phlebitis, 2; total, 16. 

Wounds . 

17 

30 

9-60 

M 12 
F 5 

S. hemol., 11; strep., 2; 
staph., 2 

Cellulitis, 8; met. absces- 
ses, 7; gangrene toes, 1. 

Mastoid . 

14 

19 

4-38 

M 5 
F 9 

S. hemol., 8; strep., 5; 
staph., 1 

Met. abscesses, 2; masti- 
tis, nephritis, dislocated 
hip, bronchitis, menin- 
gitis. 

Septic throat 

12 

26 

6-52 

M 9 
F 3 

S. hemol., 8; strep., 3; 
staph., 1 

Endocarditis, 3; meningi- 
tis; nephritis, 2; panoph- 
thalmitis; met. abscess. 

Postop. and tooth 
extraction . 

9 

24 

9-46 

M 5 
F 4 

S. hemol., 6; strep., 2; 
staph., 1 

Abscesses, 4; arthritis, cel- 
lulitis. 

Miscellaneous 

9 

15 

j>s-44 

M 9 

! 

S. hemol., 2; strep., 3; 
staph., 4 

! 

Osteomyelitis with met. 
abscesses, 4; abscesses 
(thigh, perinephritic, 
cervical), septic lung, 
navel infection. 


S. hemol., streptococcus hemolyticus; strep., streptococcus; staph., staphylococcus; met. 
abscesses, metastatic abscesses. 


Case 


Table 2.— Report of Cases (Fatal), 


No. 

Age. 

Sex. 

Source. 

Blood culture. 

Complication, 

39 . 

. 39 

F 

Puerperal 

S. hemol. 

Staph. 

10 . 

. 47 

F 

Bum of arm 

S. hemol. 

B. pyocyaneus 

68 . 

9 

M 

Wound of leg 

Strep. 

Meningitis. 

70 . 

. 50 

M 

Wound of foot 

S. hemol. 

Meningitis. 

83 . 

. 50 

M 

Wound of foot 

S. hemol. 

Pneumonia. 

89 . 

. 14 

F 

Mastoid 

Strep. 

Abscess lung. 

88 . 

. 52 

F 

Septic throat 

Strep. 

Meningitis. 

44 . 

. 46 

M 

Sinus operation 

S. hemol. 

Meningitis. 

25 . 

. 14 

M 

Osteomyelitis 

Staph. 

Meningitis. 

48 . 

. 35 

F 

Abscess of neck 

S. hemol. 

Meningitis. 

65 . 

. 45 

M 

Subacute bacterial 
endocarditis 

Strep. 

Staph. 

79 . 

; 24 

F 

Subacute bacterial 
endocarditis 

S. viridans 

Emboli. 

80 . 

. 42 

F 

Subacute bacterial 
endocarditis 

S. viridans 

Emboli. 

81 . 

. 43 

F 

Subacute bacterial 
endocarditis 

S. hemol. 

Pneumonia. 

91 . 

. 35 

F 

Subacute bacterial 
endocarditis 

Strep, 

Emboli. 


S. hemol., streptococcus hemolyticus; s. viridans, streptococcus v’iridans; met. 
abscesses, metastatic abscesses; staph,, staphylococcus. 

During the later stages of the disease in 3 cases arising from a 
primary streptococcus infection, a secondary invader appeared in 
the blood stream, in 2 cases a staphylococcus and in the third the 
Bacillus pyocyaneus. In each of these patients the secondary 
invader, previous to its appearance in the blood stream, had been 
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noted in cultures made from an open lesion. Each of these 3 cases 
of double infection proved fatal. 

No untoward effects associated with the inoculation of the animal 
serum were noted. On 2 occasions during the first transfusion of 
the human serum, although it was obtained from a supposedly 
compatible donor, the patient developed anaphylactic symptoms. 
About 3 cc. of the serum had been given when the symptoms 
appeared; the transfusion was discontinued; another donor was 
obtained for each of these patients and no reaction occurred follow- 
ing the administration of the second donor’s serum. 

A definite localizing and rapid healing of secondary foci occurred 
in the patients who showed improvement following the treatment 
and in whom metastatic abscesses had previously developed. 

Comment. The experimental evidence in support of and the 
reason for this method of treatment I have submitted in papers 
previously published.^’®'^ As a rule, in septicemia a rapid fall in 
the complement power of the patient’s blood occirrs; transfusion 
of normal human serum reactivates this property. Serum is 
used in preference to whole-blood transfusion because the cellular 
elements of the donor’s blood apparently lower the patient’s 
complement. 

The rabbits immunized as pre^dously described show a high degree 
of resistance to experimental infection. Also, as a rule, the rabbit 
serum contains specific antibodies for the majority of the strains of 
streptococci and staphylococci recovered from the patients with 
septicemia. These were demonstrated by the agglutination, pre- 
cipitation and bacteriolytic reactions. On occasion, however, a 
streptococcus is isolated from the blood stream of a patient, for 
which streptococcus these immune properties of the animal serum 
are present in but a slight degree. In such a case it is necessary 
to stimulate the formation of the antibodies in the rabbits by 
repeated inoculations with the specific organism. 

In our experience vdthdrawal of the blood from the heart of a 
rabbit while anesthetized does it no harm. 

The 5 cases of subacute bacterial endocarditis proved fatal. 
There is a question whether such cases should be classed vdth 
septicemia. The focus in the heart is the grave pathologic condi- 
tion to be considered; the intermittent bacteriemia associated with 
this lesion is secondary. An invasion of the blood stream by a 
streptococcus or staphylococcus giAdng rise to the acute symptoms 
of septicemia differs from the slowly progressive bacterial invasion, 
so graphically described by Boyd,^ of a previously damaged heart. 
The complement power of the blood of the patients vdth subacute 
bacterial endocarditis remained constantlj’^ at extremely low levels. 
Follovdng the initiation of the treatment, an apparent improvement 
occm’red in the general condition of these latter patients. In 1 case 
the temperature returned to tlie normal level, the blood culture 
became sterile and the patient who had been confined to bed for 
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2 months was able to move about; however, the clinical evidence 
indicated that the heart was seriously damaged and the patient 
died suddenly 1 month later following slight extra physical exertion. 
The added injury resulting from the bacterial invasion of an already 
damaged endocardium, particular to subacute bacterial endocar- 
ditis, is evidently beyond the body’s resources for efficient mechani- 
cal repair. 

A diagnosis of the complication of acute bacterial endocarditis 
was made in 3 of the patients, all of whom recovered and have since 
remained in good health. 

In septicemia prompt action is important. The early recognition 
of the nature of the case and the immediate application of a definite 
method of treatment may prove the "deciding factor for a fortunate 
outcome. 

The evaluation of the special laboratory procedures that may be 
undertaken in the treatment of septicemia (Kolmer^) presents many 
difficulties. Patients with the disease may, and do on occasion, 
recover when left to their own resources. The result in any single 
case depends upon the nature of the microorganism and the resist- 
ance of the host, both of which factors are variable and interdepen- 
dent. The argument may be advanced that, in any series of cases 
such as are recorded here, the fortunate circumstance of low viru- 
lence and high resistance may play an important part in the results 
noted. Experimental evidence gives little aid in elucidating this 
problem, since septicemia in the animal varies considerably from 
that in man. The question of controls arises, but an accurate 
system of human controls is difficult to attain. 

The records of the patients with septicemia from whom a positive 
blood culture had been obtained in our laboratory pre^dous to the 
time covered by this report showed that the mortality rate was 
over 85%; similar statistics were obtained from a large hospital in 
Winnipeg. Accurate statistics on the mortality rates in septicemia 
resulting from a streptococcus or staphylococcus invasion originating 
from foci in various tissues are difficult to secure. E\ddently the 
mortality rate in such cases is much higher than we have been 
content to believe. 

Summary. A method is described for the treatment of septicemia 
by inoculation of a specific antiserum and by transfusion of normal 
human blood serum. A brief report of 100 cases is submitted: 
85 of the patients recovered. Excluding the 5 cases of subacute 
bacterial endocarditis, all fatal, the mortality rate of the other 
95 cases was 10.5%. 
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THE VALUE OF THE CUTANEOUS HISTAMIN REACTION IN 
THE PROGNOSIS OF PEDAL LESIONS IN 
DIABETES MELLITUS. 

After-histories of 89 Patients for Five Tears. 

By Isaac Starr, Jr., M.D., 

HARTZELIi PROFESSOR OF RESEARCH THERAPEUTICS, UNn^'ERSITr OF 
PENNSYLVANIA, PHILADELPHIA, PA. 

(From the Hospital of the University of Pennsylvania.) 


SoMEVTSAT over 5 years ago an investigation was undertaken to 
discover whether aid in the diagnosis and prognosis of peripheral 
vascular disease could be secured by the reaction of the skin to 
histamin.i'^ It was known that this response could be greatly 
changed by experimental obstruction of the circulation,^ and it soon 
became evident that abnormal histamin reactions were almost 
invariably associated with the other manifestations of diminished 
circulation in the extremities. Therefore, it has been generally 
agreed that the sldn histamin reaction affords a simple means of 
roughly measmlng this circulation.*-^-^-®'®-^ 

The question then presented itself whether this simple test of 
circulatory efficiency could be used to detect those patients who, 
suffering from a disease frequently accompanied by gangrene, were 
in especial danger of this complication. Therefore, in 192S-29, 
we elicited the histamin reaction on the lower extremities of 100 
consecutive cases of diabetes mellitus with the intention of keeping 
in touch udth these patients for a prolonged period.- Somewhat 
over 5 years has elapsed and it has been possible to secure recent 
information concerning 89 of them. The results secm’ed 5 years 
ago may now be compared with the outcome and the prognostic 
value of the cutaneous histamin response determined. 

The patients vdth marked impairment of this reaction on their 
feet not only have developed a high incidence of serious trouble 
with their feet, but also have had a higher mortality than those 
with normal responses. No case with a normal response to hista- 
min developed gangrene, persistent infections, ulceration, or inter- 
mittent claudication during the subsequent 5 years. The value of 
the histamin reaction, in predicting the likelihood of trouble with 
the feet in diabetes, seems to have been clearly demonstrated. 

Method. Almost half the liwng patients were still attending the out- 
patient department of this or neighboring hospitals. Those dwelling in 
the citj’’ were seen in the clinic or at their homes. Information about the 
others was obtained bj"- sending a questionnaire to their physicians, whose 
cooperation made the study possible. The wsiting was performed by 
Miss Marj" Pollock, of the Social Service Department, who also supervised 
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the other means of securing information. A large part of the expense 
was borne by the Civil Works Administration. 

The normal response of the skin, to a minute amount of a 1 to 1000 
solution of histamin acid phosphate pricked into it, is identical %vith that 
which follows a mosquito bite. It consists of a red spot, soon succeeded by 
a wheal, and surrounded by a flare. It is accomppied by itching. In 
normal persons all these features are manifest within five minutes._ The 
technique of eliciting this response has been described.'" When the circula- 
tion is abnormal the appearance of the wheal and flare may be delayed, or 
they may not appear at all, the response consisting of the spot only, or of 
nothing visible. For convenience of expression the normal reaction, com- 
plete within 5 minutes in both foot and knee wiU be spoken of as Grade I. 
A reaction on the foot lacking wheal or flare, or both, at the end of 5 minutes, 
but complete within 10 minutes, the reaction above the knee being normal, 
will be referred to as Grade II.' A reaction on the foot failing to become 
complete within 10 minutes, that above the knee being normal, wiU be 
called Grade III. 


Table I. — Clinical Course of 89 Patients Tested by Cutaneous Histamin 

Reaction 5 Years Before. 
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Kesults. In Table 1 a summary of the results has been given. 
The 89 patients have been grouped according to the grade of the 
histamin reactions obtained 5 years before. WTien the response on 
the 2 feet differed, the more abnormal has been used to classify 
the case. No case vath normal (Grade I) reactions has had any. 
serious trouble with the feet during the intervening period. Those 
with slightly diminished (Grade II) reactions have likewise had no 
serious trouble. Persistent pain in the feet, not typical of periph- 
eral vascular disease, and not definitely to be assigned to any other 
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cause, was reported by 4 of them. This may indicate future 
trouble, but nothing of any gravity has supervened during the -5 
years. The one exception to this statement was the case of E. A., 
who had a small patch of gangrene when tested 5 years ago and who 
died of embolism during the next few days. Therefore, it appears 
e^ddent that, if the response of the skin of the feet to histamin is 
complete vdthin 5 minutes, serious trouble with the feet need not 
be feared. If the reaction is complete within 10 minutes such 
trouble should not be expected. 

But the situation is far different in the remaining group, those 
who had a liighly abnormal response to histamin on their feet. 
Only 14 of the original 34 suindved the 5-year period, only 5 of these 
survivors have avoided serious trouble with their feet. The fol- 
lowing are brief reports of the more serious cases which I have been 
able to follow personally. 

Case Abstracts. Case 1. — J. R., a woman, aged 67, has been diabetic 
since 1919, and is now on insulin. In 1928, she had a Grade III histamin 
reaction on both feet, no pulsation in the vessels of the feet and no color 
changes. The superficial vessels were moderately sclerotic. She had no 
serious trouble mth her feet until 1930. Then the right foot began to pain 
and she sought admission. The foot was cold and discolored about the 
heel. Rest and diabetic control relieved the sjunptoms and she was dis- 
charged. Six months later (1931) she noted an ulcer on the 5th riglit toe. 
Six weelis of care by her doctor failed to heal it. It became increasinglj’’ 
painful and she again sought admission. Examuiation showed a necrotic 
lesion at the right heel, another at the right 5th toe and the right great toe 
was swollen, tender and painful. She remained in the hospital 3 months, 
during which conservative measures made but little progress. She declined 
amputation and was sent home with the lesions unliealed. She is still Ihdng 
(1934). 

Case 2. — J. J., a man, aged 57, has been diabetic since 1919. No insulin 
until first admission. He had a Grade III reaction on both feet when 
tested in 1929. At this time the dorsalis pedis pulses were palpable but 
weak. No pulse could be felt in the posterior tibial arteries. No color 
changes were observed. His feet gave him no trouble until 1931, when he 
developed a number of ulcers which healed under treatment by his doctor. 
In Februarj’', 1933, the left foot became painful, then discolored, and he 
sought admission. Examination showed black superficial gangrenous 
plaques over the first metatarsal phalangeal joint, on the ball of the great 
toe and between 2d and 3d toes. The gangrene spread rapidly. Amputa- 
tion was performed at midleg. Convalescence was uneventful. He is 
stiU li^’ing. 

Case 3. — L. B., aged 57, known to have diabetes since 1913, had Grade III 
reactions on both feet when adnutted with an ulcer on the right middle 
toe in 1929. The left dorsalis pedis pulse was strong, the right and the 
posterior tibial pulses could not be felt. ■ No abnormal color was noted on 
the left foot. The ulcer healed under conservative measures. She was 
•readmitted 1 year later (1930), with a superficial gangrenous spot on the 
left great toe. Conservative measures were again successful. She was 
readmitted in 1932, but not because of trouble vith her feet. She died 
after an accident later in that year. 

Case 4.— R. H., aged 50, knovm to have diabetes since 1925, had a 
Grade HI histamin reaction on both feet in 1929. The pulse could be felt 
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in the dorsalis pedis and posterior tibial arteries. No abnormal color was 
observed. She had no trouble mth her limbs until 1933, when after an 
apparently insignificant scratch the outside of the right foot became red, 
hot, swollen and painful and the redness rapidly extended up to the knee 
accompanied by burning and itching. She was admitted to the hospital 
and the infection subsided rapidly imder hot wet dressmgs. Three months 
later she had a very similar infection, again requiring admission. >This 
also subsided, to recur 3 times more at intervals of about 2 months, each 
attack requiring hospitahzation. She is in the hospital at the time of 
writing (1934). Diagnosis, recurrent celluhtis. 

Case 5. — Another man, not in the original group of 100 cases, shows a 
similar outcome. C. W., aged 58, with mild diabetes, diagnosed in 1931, was 
tested in that year when he came to the hospital because of an ulcer in his 
left foot. The right foot had caused him no trouble but both feet showed 
Grade III liistamin reactions at this time. No pulse could be palpated in 
the vessels of either foot. When dependent, rubor extended on to the 
dorsum of the left foot but was confined to the toes on the right. The lesion 
healed in the thermoregulated cradle.* Two years later he was readmitted 
with ulcers on the left great toe and right heel. They again healed under 
conservative measures. In 1934, he was readmitted vdth a large gangren- 
ous plaque under the right internal maleolus, and small ulcers on the right 
heel and great toe. The small ulcers healed but the gangrene spread. 
Amputation was performed above the knee. Thus a Grade III histamin 
reaction on the right foot was followed by gangrene 3 years later. 

I am dependent on other physicians for reports of certain other 
cases in this group. A. M., with Grade III reactions on both feet 
in 1929, has had cramp-like pains in the legs since 1932. More 
recently she has had a succession of infections in the legs diagnosed 
recurrent phlebitis. These have not required hospitalization. 
E. M., who had Grade III reactions in 1929, had painful feet with 
chronic ulcerations before her death in 1933. A. G., mth similar 
reactions in 1929, constantly complains of painful and swollen feet. 

Discussion. In the preceding discussion histamin reactions have 
been classified as abnormal when either wheal or flare failed to 
appear. Obstruction of the circulation, whether pathologic or 
experimental, affects both together. In some cases, however, a 
good wheal is not accompanied by a flare, a condition which occurs 
when the peripheral nerves have degenerated.® Before this condi- 
tion is diagnosed every effort must be made to bring out the flare 
by allowing the part to hang down or causing venous engorgement 
by a blood pressure cuff inflated to 30 mm. Pig. Because of the 
ease of determining its presence, and because it is independent of 
the nerve supply, the wheal is clearly more important than the 
flare in estimating the peripheral circulation. Therefore, we have 
continued to introduce the histamin by placing a drop on the skin 
and priclung the skin through the drop with a sharp needle. The 
intracutaneous injection of histamin, preferred by some clinics,'* 
raises a wheal mechanically, and thus confuses the estimate of the 
histamin wheal. However, in the great majority of instances, 
either technique suffices. 
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The difference in. mortality in the different groups, classified 
according to the histamin reaction alone (Table 1) deserves dis- 
cussion. The group with markedlj'' impaired histamin reactions 
has a mortality rate over twice that of, the more normal groups. 
But the cases in this group averaged 55 years of age in 1929, those 
in the more normal groups averaged 44 years. In the older group 
more deaths are to be expected dming a 5-year period. "iVhen these 
data are studied in the light of a standard mortality table, it is 
found that the difference in mortality between the groups is not 
greater than is to be expected at such different ages. * The histamin 
response gives no better indication of life expectancy in diabetes 
than the age of the patient. 

We had hoped to obtain information concerning the relation 
between histamin response and the permissible level of amputation, 
but we have been able to secure very little data. We had antici- 
pated^ that it would be proper to amputate at a level where the 
histamin reaction was normal, dangerous to amputate where it 
was abnormal. In support of this concept may be cited 3 suc- 
cessful midleg amputations for diabetic gangrene when the hista- 
min response was normal and 2 midleg amputations which failed, 
requiring reamputation at a higher level, when the reaction at the 
initial level was abnormal. But with the development of new 
methods, and an increasing interest in eonservative procedures in 
recent years, we have seen a number of successful amputations of 
toes at levels where the histamin reaetion was highly abnormal. 
"Whether this can be accomplished without a special technique 
to overcome vascular spasm® and increase the cireulation,® we do 
not Imow. 

Observation of the cutaneous response to histamin and of the 
pulse in the superficial arteries permits the division of the cases into 
several groups, according to the location of the disease in small or 
large vessels, and the amount of vaseular compensation.® It is 
now possible to study the outcome of the cases which, in 1929, feU 
into two especially interesting groups: 

1. Lesions eliiefiy in the minute vessels (dorsalis pedis pulse 
strong’ histamin reaction markedly impaired. Grade III). There 
were 8 cases in this group in 1929. Six of them did not survive 
the 5 years, a surprising mortality, not to be accounted for by then’ 
age, which averaged 47 in 1929. However, none of them are known 
to have developed serious trouble with their feet. The primary 
causes of death assigned by "the attending physicians were heart 
disease (2 cases), diabetes (2 cases), nephritis and earcinoma. This 
hea\y mortality defeated our purpose of discovering whether this 
condition predisposed to serious pedal lesions. 

* I am indebted to Dr. L. I. Dublin for instructions as to how to compare a differ- 
ence in mortality between groups of different ages on the basis of a standard mortality 
table. 
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2. Lesion in the large vessels witliout compensation (dorsalis 
pedis pulse absent, histamin reaction, Grade III). Thirteen of these 
cases have been followed; 8 are now dead; 6 had or developed franlc 
gangrene. Only 1 sur\dves without having had serious trouble with 
the feet during the 5-year period. The serious prognostic signifi- 
cance of this situation is evident. 

It is of interest to compare the prognostic value of the histamin 
reaction with that of the most valuable single physical sign, pulsa-- 
tion in the dorsalis pedis artery. In Table 2 this comparison has 
been made on the basis of the cases surviving 5 years. In Table 3 
a more exact method has been employed. The total number of 
years the patients in each group were exposed to risk of gangrene 
has been calculated. Thus, the cases surviving the 5-3'^ear period 
of observation were exposed for 5 years, but patients djdng before 
5 years had elapsed were exposed only during the period between 
the beginning of observation and their deaths. The ratio of the 
years exposed in each group to the number of patients developing 
serious lesions gives an index of the prognostic value. In compiling 
Table 3, lesions present when the tests were made, in 1929, have 
been disregarded, only lesions developing afterward having been 
included. 

Table 2.— Compabibon of Peognostic Valve of Histamin Reaction and 
Doesalib Pedis Pulsation. 


No. of survivors 

Condition 5 years ago. for 5 years. 

Histamin reaction normal 19 

Dorsalis pedis pulse palpable 43 

Histamin reaction slightly impaired (Grade II) . . 23 

Dorsalis pedis pulse not felt 9 

Histamin reaction markedly impaired (Grade III) . 13 

Histamin reaction shows no wheal in 10 minutes (flare 

disregarded) 11 

Dorsalis pedis pulse absent, histamin wheal absent 
for 10 minutes 5 


Per cent of surviv- 
ors remaining free 
of trouble with 
their feet. %. 

100 

88 

83 

56 

38 

27 

20 


Table 3. — Compabison of Peognostic Value of Histamin Reaction on the 
Feet and Dobsalis Pedis Pulsation. 
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. . 295 
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2.0 

Dorsalis pedis pulse not felt 

. . 48 

2 
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Certain features of the data given in the tables have been sub- 
jected to statistical analysis.^® The striking diflerence between the 
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outcome of cases with normal and markedly impaired histamin 
reactions is highly significant.* But minor dift'erences in prognostic 
value, as that between markedlj'' impaired reaction and absent dor- 
salis pedis pulse, are not significant in so small a series of cases. 

In making a prognosis the judgment should not be based on 
any single factor. If the information pro^^ded by the his ta mi n 
reaction is supplemented by consideration of the physical findings, 
the age, and strength of the patient, it is to be expected that the 
danger of serious trouble with the feet can be foretold with con- 
siderable aecuracy. Many patients can be reassured. In those 
threatened, extraordinary efforts to keep the feet from contact 
with extremes of temperatm-e, particularly the cold of winter, to 
keep the skin in good condition, to avoid trauma and infection, and 
to treat the most tri\dal lesions without delay may do much to 
further the wellbeing and longevity of these patients. 

Summary. In 1928-1929, the peripheral circulation of a series of 
cases of diabetes was tested by means of the reaetion of the skin 
to lustamin. The after histories of 89 of these eases have been 
followed for 5 years or until their death. 

No case having a normal skin histamin reaction on the feet, in 
1929, developed any serious trouble with the feet during the sub- 
sequent 5 years. 

Of the 32 patients gi^dng markedly impaired histamin reactions, 
in 1929, only 5 survived the 5 years without serious trouble with 
the feet. Four cases eventually developed gangrene, 4 others 
developed chronic ulceration or infection requiring hospitalization 
and 6 have suffered from painful feet witliout serious lesions. 

The sldn histamin reaction gives valuable e^^dence concerning 
the prognosis of peripheral vascular disease in diabetes mellitus. 
Considered together with the physical findings, this test provides 
a simple means of di\fiding cases of diabetes into a group not imme- 
diately tlu'eatened with peripheral vascular disease, an intermediate 
group, and a group in which extraordinary precautions must be 
taken to prevent the development of serious trouble with the feet. 

BIBLIOGRAPHY. 

1. Starr, I., Jr.: J. Am. Med. Assn., 90, 2092, 192S. 

2. Starr, I., Jr.: Am. J. Med. Sci., 180, 149, 1930. 

3. Le-n-is, T.: The Blood Vessels of the Human Sldn and Their Responses, 
London, Shaw & Sons, Ltd., 1927. 

4. De Takdts, G., Quint, H., Tillotson, B. I., and Crittenden, P. J.: Arch. 
Sure., 18, G71, 1929. 

5. De Takats, G.: Arch. Int. Med., 48, 769, 1931. 

G. CaldweU, J. M., Jr., and Mayo, J. G.: Ibid., 47, 403, 1931. 

7. Kramer, D. W. : Am. J. &Ied. Sci., 185, 402, 1933. 

8. Starr, I., Jr.: Ibid., 187, 498, 1934. 

9. Landis, E. M., and Gibbon, J. H., Jr.: J. Clin. Invest., 12, 925, 1933. 

10. Dunn, H. L.: Phs^siol. Rev., 9, 275, 1929. 

* {. c., The probability is less than 5 in 100 that the differences found are due to 
chance in the selection of the cases. 



FATAL ANURIA FOLLOWING BLOOD TRANSFUSIONS 


555 


FATAL ANURIA FOLLOWING BLOOD TRANSFUSIONS. IN- 
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Hemolysis has been the major hazard in blood transfusions since 
1667, when hemoglobinuria was first reported following the trans- 
fusion of sheep blood into man,* until the principles of blood group- 
ing were established by Jansky ,2 in 1907, and by Moss,® in 1909. 
It is noAv generally believed that severe hemolytic reactions result 
only from errors in the determination of blood groups. Bordley,^ 
in 1931, reviewed 17 cases of major transfusion reactions, in all of 
which there was oliguria, 11 shoAved hemoglobinuria and 6 were 
jaundiced. The author stated: “In not a single case is there 
complete and satisfying eAudence to prove that the blood of the 
donor Avas compatible with that of the recipient.” 

We Avish to report 2 fatal transfusion reactions Avhich occurred in 
NoA^’ember, 1933, because our findings raise a doubt as to the 
adequacy of the conventional methods of testing for incompatibility. 

Case Reports. Case 1.— E. A., female, aged 53, came to this hospital 
in October, 1931, vith carcinoma of the cervix uteri and severe secondary 
anemia. The carcinoma was treated with radium and Roentgen irradiation. 
The patient, whose blood was found to be Group IV (Moss), received 2 
transfusions Mthin a week from different Group IV donors (S. G. W. and 
C. W. G.). There was no untoward reaction. Two examinations in 1932 
and 3 in 1933 failed to reveal any evidence of neoplasm. In March, 1933, 
the patient noticed blood in the stools and this continued until November, 
when she returned to the hospital because of pallor and weakness. Again, 
no evidence of neoplasm could be found in the pelvis or in the gastroenteric 
tract. The skin over the lower abdomen Avas inelastic and presented many 
dilated venules. The mucosa of the lower bowel was thickened, inelastic 
and bled easily, but was not ulcerated. It was concluded that the bleeding 
was due to irradiation endarteritis of the loAver bowel. 

There was no free hydrochloric acid in the gastric secretion after histamin 
stimulation. Hemoglobin, 35% (Sahli); erythrocytes, 3,250,000; leuko- 
cj'^tes, 4,600 per c.mm. There was some anisocj’’tosis and many microcytes. 

October 20, 1933: Transfusion of 400 cc. citrated blood from donor 
C. W. B. (Group W, Moss) without cross-matching. The rectal tempera- 
ture rose to 104.2° F. and^there were headache, nausea and vomiting, but 
no jaundice or hemoglobinuria. 

October 30: Hemoglobin, 45% (Sahli); erythrocjTes, 3,550,000; leuko- 
cytes, 6000 per c.mm. After satisfactorj'^ cross-matching A\ith the blood of 
donor A. L. B. the patient Avas gwen 500 cc. of citrated blood. The trans- 
fusion was followed by a slight chill, a temperature of 102.8° F. (rectal). 
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jaundice, albuminuria and hemoglobinuria, but no erj’-throcytes were found 
ill the urine. 

November 1: Capillary resistance test negative; bleeding time (Duke), 
6 mmutes; coagulation time (capillarj’^ tube method), capillary blood, 

3 mmutes, and venous blood, 5 minutes; prothrombin time (Howell), 

4 minutes; hemolysis of erythroc 3 ’^tes began at 0.44% saline and' was com- 
plete at 0.3%; the clot was normally retractile; blood platelets (Van Allen), 
0.4% by volume; hematocrit (Van Allen), 32%; hemoglobin (Newcomer), 
8 gm. 


Table 1. — Blood Chemical Studies and Urinaht Output in Case 1. 


Date, 1933. 

Urine. 

den 

Bergh 

(Gibson^®)* 

Blood 
urea N, 
mg, per 
100 cc. 

Blood 
uric acid, 
mg. per 
100 cc. 

Blood 
creatiiiin, 
gm. per 
100 cc. 

Blood CO, 
combining 
power, 
vol. %. 

Blood 
chlorid, 
mg. per 
100 cc. 

Oct. 30 . . 




Transfusi 

on 



Nov. 1 . 


4.4 








indirect 






12 . . 




Transfusi 

on 



13 . . 

50 

17.4 








direct 






14 . . 

400 

0.9 

79.4 

6.6 

4.0 

35.0 




direct 






15 . . 

600 

0.9 

86.8 

6.6 

7.7 

34.1 

536 



direct 






16 . . 

35 







17 . . 

75 


81.9 

6.8 

10.0 



18 . . 

85 







19 . . 

50 


94.5 


12.0 

26.8 

555 




Cysto.’scopic esa 

mination 



20 . . 

335 


100.0 

10.0 

11.5 



21 . . 

* 


102.0 

9.6 

12.0 

24.0 

555 

22 




Died 





* Incontinent. 


November 12: Hemoglobin, 70% (Salih); erythrocytes, 4,650,000 per 
c.mm. The washed corpuscles from 500 cc. of citrated blood of donor 
L. M. F'. were given intravenous^ after compatibihty had been established 
by grouping and cross-matching. Immediately after the transfusion the 
patient complained of cramps in the right tliigh and lumbosacral region, 
and could not move her leg. There was pain in the abdomen, vomiting, 
chiUiness and the rectal temperature reached 103.2° F. Jaundice became 
apparent 7 hours after the transfusion. The degree of ohguria can be seen 
in Table 1. Ah urine specimens contained hemoglobin and granular casts, 
but erytlirocjhes were not observed. Intravenous injections of saline and 
glucose were given and heat was applied to the kidney regions. Shght 
generalized edema soon became apparent. On November 17, the tests of 
November 1 were repeated, with essentialls’’ the same yesults except that 
hemolj'sis of erjd.hrocytes began at 0.48% saline. On November 18, 
cj'stoscopic examination reveajed bloodj-- urine coming from both ureters. 
The kidnej" pelves were irrigated with ver 3 ' warm water. Pulmonar 3 ’^ edema 
developed on November 20 and ox 3 ’^gen was administered. Blood (200 cc.) 
was withdrawn and replaced by saline.’' The blood of the last donor 
(L. AI. F.) was again cross-matched AHth that of the patient and no agglu- 
tination occurred in 4 hours at room temperature. At the end of 18 hours 
there was still no agglutination, but some of the donor’s corpuscles had 
disappeared, whereas the recipient’s corpuscles were intact. Intracutane- 
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ous tests on the recipient with the donor’s corpuscles and serum were 
negative. On November 22 (10 days after the last transfusion), the patient 
died. Permission for necropsy could not be obtained. The urinary volume 
and blood chemical findings are included in Table 1. 

Case 2. — W. B., male, aged 65, was admitted to tliis hospital, November 
8, 1933, because of hemorrhage frorh. a peptic ulcer. He was weak and 
pale. Hemoglobin, 27% (Sahli); erythrocytes, 1,950,000; leukocytes, 5950 
per c.mm. He received the usual treatment, and by November 14 hemo- 
globin was 35% (Sahli). His blood was found to be Type IV (Moss) and 
he received a transfusion of 500 cc. citrated blood from G. D. M. without 
reaction on November 16. Preliminary cross-matching was satisfactory. 

On November 25, his blood matched that of J. F. S., another T3T3e IV 
donor, and he was given 500 cc. of citrated blood from this donor. When 
about 75 cc. of blood had been given, the patient complained of a cramp in 
the right hip which was relieved by change in position. The transfusion 
was resumed and the entire operation was concluded in 75 minutes. About 
1 hour later he was nauseated and vomited. The rectal temperature rose 
to 100.4° F. and he had a slight chill. He passed no urine from the time of 
transfusion until his death. Fluids were given by vein, subcutaneously 
and by mouth. The blood corpuscles and serum of J. F. S. and the recipient 
were again cross-matched and no agglutination was detected microscopically. 


Table 2. — Blood Chemical Studies in Case 2. 


Date, 1933. 

Blood 
urea N, 
mg. per 
100 cc. 

Blood 
uric acid, 
mg. per 
100 CO. 

Blood 
creatinin, 
mg. per 
100 cc. 

Blood CO* 
combining 
power, 
vol. %. 

Blood 
chlorid, 
mg. per 
100 00. 

Van den 

Ic Bergh 
(Gibson’®) . 

Nov. 10 . 

14.0 

3.1 

1.0 

58.7 

602 


16 



Trans 

fusion 



25 . . 



Trans 

fusion 



27 . . 

62.3 

5.5 

6.4 

58.9 

600 


28 . . 

80.5 

6.5 

8.3 

56.0 

595 

0.2 







indirect 

29 . . 

88.9 

8.5 

10.7 




Dac. 1 .. 

125.0 

10.0 

13.0 

45.7 

585 


2 . . 

141.4 

10.0 

15.5 

35.2 



4 . . 

164.0 

10.0 

14.0 

31.5 



5 . . 

183.4 

10.0 

17.6 

Died 




On November 29, cystoscopic examination was performed and the renal 
pelves were washed with very warm water. This did not stimulate the 
urinary flow appreciably. The patient was drowsy and liis muscles twitched 
occasionally. On December 3, he developed liiccoughs wliich were relieved 
by the inhalation of carbon dioxid. On December 5 (10th daj’’ after trans- 
fusion) he became stuporous and died. At no time was jaundice observed. 

The blood chemical studies are included in Table 2. 

N ecropsy was performed by Dr. C. H. Goughian. The pertinent findings, 
submitted by Dr. H. P. Smith, are as follows: 

“The liver weighs 1950 gm. No abnormalities are made out in gross. 
Microscopically, one sees tiny areas of injury at the centers of manj'^ of the 
lobules. In such spots the liver cells are gone and there is hemorrhage, 
together with a few leukocytes and a few pigment-laden phagocytes. No 
pigment is seen elsewhere in the liver. There are a few Ijonphocytes in the 
portal spaces. 

“The two kidneys are similar. Each weighs 250 gm. The capsule 
strips readily, leaving a smooth surface. No hemorrhages are seen. The 
cortex appears hj^ieremic and is about 7 mm. thick. The striations of the 
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pyramids are unusually distinct. Fine golden-yello'u%_ longitudinal lines 
are noted in the lower halves of the pjTamids. Tire pel” j lUcbsa is smooth 
and pink. Microscopicallj’’ there are a few old are" ' of’ scarring. Else- 
where the glomeruli' appear normal. They appear ; be entirely free of 
capillary tlurombi. There is widespread injury to the tubules. Some of 
the convoluted tubules show necro.sis of the epithelium. Many of the 
tubules are lined by low cuboidal epithelium having bluish cytoplasm, lilce 
that seen in the late stages of mercuric chlorid poisoning. Throughout 
the cortex there is extensive edema of the stroma, and as a result the tubules 
are forced apart. In the lumina of the collecting and commluted tubules 
one sees great amounts of reddish-brown granular pigment. A few of the 
epithelial cells in the cortex contain granules similar in appearance (Figs. 1 
and 2). 

“Diagnosis; -Gastric ulcer. Acute tubular nephritis. Chronic chole- 
cystitis with cholelithiasis. Hyperidasia of the prostate. Generalized 
arteriosclerosis.” 

Donors. It is well recognized in practice that some donors give 
more reactions than others. In our cases, 7 donors were concerned; 
all wmre members of the hospital staff and all belonged to Moss’s 
Group IV. They had all given other transfusions. S. G. W., 
intern, had given about 40 transfusions without hemolytic reactions; 
C. W. G., intern, had given at least 35 transfusions wnth no major 
reactions; C. W. B., associate professor, had given at least 75 
transfusions Avithout any major reactions; A. L. B., nurse, had 
given 1 other transfusion; L. M. F., intern, 7; G. D. M., intern, 6; 
and J. F. S., intern, S transfusions, all without reactions. 

Technique. _ The routine method of transfusion was followed in both 
cases, except in the last transfusion in Case 1, in which washed corpuscles 
were given. The blood was diluted with ipO cc. of 2% sodium citrate and 
a small amount of isotonic saline and admiuistv.red intravenously by gravity. 
The solutions were made up and sterilized in the “intravenous laboratory” 
which supplies materials for use throughout the hospital. ,In November, 
9 other transfusions and, in December, 14 other transfusions vWe given 
on the Medical Service with similar solutions and the same personnel. 
One such transfusion was followed by transient jaundice and the patient 
died 1§ months later of carcinomatosis. Otherwise, there were no reactions 
of a serious nature. 

Cross-matching was done by microscopic examination of hanging drops 
of undiluted serum and saline suspension of corpuscles. Both the sera 
and corpuscles of the donors and the recipient were matched separately. 

Comment. Moss stated, in 1910 “Isoagglutination may occur 
independently of isohemolysis but isohemolysis is probably alw^ays 
preceded or accompanied by isoagglutination.” With this state- 
ment the majority of workers are in accord,® and it is because of 
this opinion that the routine tests for compatibility have been 
reduced to agglutination tests in most clinics. However, Moss,® 
himself, observed 3 people wdiose sera contained hemolysins Avithout 
agglutinins. In 1919, Kolmer® cautioned against the exclushm use 
of agglutination tests as criteria of compatibility because he had 
found hemolysins unaccompanied by agglutinins in human sera. 
Bernlieim® reported a case of hemolytic reaction Avithout agglutina- 
tion. 




Pig. 1. — Case 2. Photomicrograph (low power) of kidney, showing collecting tubules 
containing brown pigment, desquamated epithelium and coagulated albumin. 



Pig. 2.— Case 2. Photomicrographs (high power), sho^ng necrosis of tubular 
epithelium and lumina filled with broivn pigment, desquamated cells and coagulated 
albumin. The stroma is edematous. A normal glomerulus is also shown. 
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Hesse and Filatov^“ reported the case of A. Bodanov, Director of 
the Institute for Blood Transfusions in Moscow, who died after 
receiving blood apparently compatible by cross-matching. He had 
received many previous transfusions without reactions. 

Johnson and Conway^^ have recently reported 3 cases of renal 
insufficiency after transfusions. In 1 the blood was found to be 
incompatible but in the others there was no sign of agglutination. 
Incidentally, 1 of these cases had received 4 previous transfusions. 

It is obvious that the detection of hemolysis by the hanging drop 
method is both difficult and uncertain. There is no proof that 
the sera of the 4 cases cited above or that of our 2 patients would 
have caused gross hemolysis of the. donors’ corpuscles m vitro. We 
regret that tests for hemolysis by a test tube method were not done 
in our cases. At least 4 of the cases mentioned, in which severe 
reactions occurred without agglutination, had had repeated trans- 
fusions. It is possible that these patients developed hemolysins, 
since in our Case 1 the reactions became progressively more severe 
with each succeeding transfusion. Certainly if further transfusions 
are necessary in a patient who has previously suffered a transfusion 
reaction, tests for hemolysis as .well as for agglutination should be 
done. The influence of repeated transfusions in the production of 
hemolytic reactions should be investigated further. 

The mechanism of the production of the anuria is obscui'e. Yorke 
and Nauss,i2 and Baker and Dodds^® have demonstrated that the 
excretion of hemoglobin by the kidneys under the proper conditions 
will produce renal insufficiency in rabbits and that the histologic 
appearance of the kidneys is similar to the renal lesions in man. 
Newman and Whipple^‘‘ have shown that hemoglobinuria in dogs 
causes deposition of hemosiderin in the convoluted tubules of the 
kidney, as well as in the liver, spleen and lymph nodes and that ■ 
a minimum renal threshold for hemoglobin is obtained when the 
tubules have taken up a maximum amount of the iron-containing 
pigment. Mason and Mann^® have shown that intravenous injec- 
tion of hemoglobin has a spectflc vasoconstrictor effect on the kidney. 
Hesse and Filatov^® have recently confirmed this and have shown that 
the vasoconstriction can be relieved by the transfusion of compatible 
blood. 

The fact that hemoglobin free in the blood plasma is a potent 
renal toxin seems established. It is as yet not possible to say 
whether the vasoconstrictor effect or the blocking and destruction 
of tubular epithelium is the more important. 

Bordlej^ has mentioned other possible explanations for transfusion 
anuria. Any possible toxic effect of the transfused plasma has 
been ruled out by the fact that our Case 1 received only washed 
corpuscles. The blood chemical studies in our cases effectively dis- 
pose of the theory that loss of blood chlorids or acidosis might be 
responsible for the anuria. 

Ob\dously further investigations into the pathogenesis of these 
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unfortunate reactions are necessary before adequate means for 
their prevention and treatment can be determined. 

Summary. Two cases are reported in which death was due to 
renal insufficiency definitel 5 ’- attributable to transfusions. In neither 
case could evidence of isoagglutination be found. In 1 case there 
was questionable evidence of hemolysis. Both patients had 
received previous transfusions. 

Conclusions. 1. The conventional method of testing bloods for 
compatibility by cross-matching for agglutination only is not suffi- 
cient to prevent fatal transfusion reactions. 

2. Anuria in the 2 reported cases was not due to loss of blood 
chlorids or to acidosis. 

3. The etiology of the renal damage which results in anuria 
following transfusions is not yet established. 
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THE INFLUENCE OF GLYCIN ON CREATINURIA IN 
PERIPHERAL NEURITIS. 

By M. j. C. Allinson, B.S., 

GRADUATE STUDENT, DEPARTMENT OF PHYSIOLOGY, 

H. H. Henstell, M.D., 

AND 

H. E. HuraucH, M.D., 

ASSOCI.A.TE PKOFESSOR OF PHYSIOLOGT, TARE UNITORSITY SCHOOE OF SIEDlCaNE, 

NEW HAVEN, CONN. 

(From the Laboratory of Physiology', Yale University School of Medicine.) 

The striking changes in creatin metabolism observed in the 
primary muscular diseases haim stimulated new interest in this 
subject. In 1921, Gibson and Martiffi= found that ingestion of 
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gelatin increased the creatinuria in progressive muscular dystrophy. 
Brand and Harris/’®’^” demonstrated that glycin was the fraction 
of gelatin responsible for this change. Milhorat, Techner and 
Thomas/® and Kostakow and Slauck*^’^® confirmed Brand’s 
observations and also showed that under the influence of glycin 
the initial increase in creatinuria was followed by a fall in creatin 
excretion with a concomitant rise in urinary creatipin. With these 
changes the patients manifested an increased ability to retain 
exogenous creatin. Beard and Tripoli/-® Mettel and Slocum/® and 
Reinhold et alP are among the most recent to report increases in 
creatin output after glycin feeding. 

In myasthenia gravis qualitatively similar changes in creatin 
excretion have been obtained on feeding glycin by Boothby and his 
coworkers/ ■®'® and Remen.®^ Reinhold and coworkers®® found gly- 
cin raised the creatinuria in a case of chronic myositis resembling 
progressive muscular dystrophy. Harris and Brand^® also found 
moderate increases in creatinuria when glycin was fed in Charcot 
Marie tooth disease and periodic familial paralysis. 

The creatinuria existing in the clinical conditions in which secon- 
dary atrophies occur responds very slightly or not at all to glycin. 
The creatin output is not affected in amyotrophic lateral sclerosis, 
“muscular atrophy” and hemiatrophy, according to Harris and 
Brand.^® No changes were noted by Milhorat^® in amyotrophic 
lateral sclerosis, severe chronic rheumatism, congenital idiocy, de- 
forming arthritis, spastic paralysis and progressive spinal atrophy. 
Kostakow and Slauck^^-^® observed no reaction in “secondary 
atrophies.” In contrast with these findings. Beard and Tripoli^-® 
reported a marked increase in creatin excretion, resulting from the 
administration of glycin in spinal muscular atrophy. Harris and 
Brand^® also found a moderate rise in creatinuria in a postencepha- 
litic. The data thus indicate that with these two exceptions, the 
ingestion of glycin usually has no effect in secondary muscular 
atrophy. It might, therefore, be expected that glycin would not 
influence the ' creatinuria in peripheral neuritis with muscular 
atrophy. The only instance of plumbism treated in this way is 
Case 7a, studied by Harris and Brand .^® Daily administration of 
10 gm. of glycin for 1 week produced no effect on the creatinuria 
of this woman. The present case of toxic peripheral neuritis was 
studied to determine the response to glycin. 

Case History.* J. P., Polish, male, aged 53, was admitted to the 
New Haven Hospital on July 3, 1933, complaining of progressive weakness 
and pain of the extremities and inability to walk. On May 4 he began 
to feel sick, feverish and vomited. The next day he was unable to get out 
of bed and the day after that he felt a soreness in his fingers and feet. 
The vomiting persisted for 4 days. On May 11, examination by his phys- 

* We vrish to express our thanks to Dr. L. Greenburg, of the Department of 
Public Health, who first brought the patient to our attention. 
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ician revealed severe cough, fever, moist rales at both bases of the lungs 
and marked ataxia of the legs. His abdominal and deep reflexes were 
normal and there was no tenderness over the nerve trunks. The respira- 
tory sjnnptoins subsided in about 2 weeks, but the ataxia became more 
severe and pains developed in his hands and feet. Neurologic examina- 
tion at the Grace Hospital revealed moderate atrophy of the extremities, 
paresthesias of the finger tips and legs and absence of kinesthetic, stereog- 
nostic and vibratory senses in fingers and toes. The tendon reflexes were 
now markedly diminished and the abdominal reflexes almost absent. 



Ch.\rt I. 


Urinarj’' retention and pjairia were also present. He received mercurj' 
succinimid (gr. i q.d. for 6 daj^s) and was discharged against advice, unben- 
efited. He was again seen bj'^ Ins phj'sician about 3 weeks after discharge, 
at which time ataxia and wealcness had so progressed that he was unable to 
walk or feed himself. He was then referred to the New Haven Hospital 
for further care. Examination on July 3 revealed an undernourished male 
with marked atrophj’’ and flabbiness of the extremities. The extensors 
were more involved than the flexors. Coarse fibrillary twitchings were 
seen in the arms and legs. The deep tendon reflexes could not be eUcited. 
Weakness and ataxia of aU extremities rvere marked. Sensory examination 
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revealed a gauntlet and stocking impairment of all superficial sensations, 
including vibratory sensibility. Deep muscle tenderness was increased. 
The blood count was: R.B.C., 4,700,000; hemoglobin, 92%; W.B.C., 
9800 (polym., 98%; L.M., 7; lymphocytes, 38; eosinophils, 7). The teeth 
were worn and carious . The cardiorespiratory, gastro-intestinal and genito- 
urinary' systems were essentially negative. 

With a tentative diagnosis of peripheral neuritis, search for a possible 
cause was made. Bis occupation had been that of mixing and forking 
fertilizer' containing calcium cyanimid, in an almost completely enclosed 
bin for 3 months previous to his present illness. He had also drunk alcoholic 
beverages in moderate quantities for a number of years, although for some 
months previous to his admission his intake had been limited by his financial 
situation. No other possible contributory agents were noted. 

The patient was placed on a liberal diet supplemented •with liver, iron 
and yeast. Shortly before the experiments were begun, all creatin extrac- 
tives were omitted from the diet which now contained protein to the extent 
of 90 gm. and had a caloric value of 3000 calories. It was to this basal 
diet that glycin or other amino acids were added at various times. Ph 3 ’^sical 
therapy consisted of Osgood splints on the feet, a heated cradle over his 
lower extremities, massage and tank bathing. 

His course at the hospital was marked clinically by a fairly rapid return 
of all forms of sensation except vibratorj’^ sense, in the upper extremities 
and then to the lower. The reflexes were slow in reappearing. At the 
time of discharge motor and sensory power were practically restored in 
the upper and somewhat less completely in the lower extremities. Dimin- 
ished sensation persisted in the distal portions of the toes and soles. The 
triceps reflex had returned and was accompanied by a more definite peri- 
osteal radial reflex. The patient was able to walk on crutches or behind 
his wheelchair when he was discharged improved on October 30. 

Experimental Data. Glycin, edestin, glutamic acid and creatin 
were separately added to the basal diet at intervals and equivalent 
amounts of protein were removed when edestin was fed. Analj'^ses 
of total urinary nitrogen (Kjeldahl), sulphur (Benedict^), creatinin 
and creatin (Folin and Benedict^) were carried out daily. The 
Folin-Benedict method maj'^ occasionally give small negative values 
in the absence of creatin. The changes in creatin excretion are 
charted. 

Results and Discussion. Gljmin was given at 3 different periods. 
The first feeding of 20 gm. glycin daily for 11 days caused a prompt 
but temporary rise in creatin excretion from 0.1 IS to 0.36S gm. per 
24 hours, and then a fall to 0.161 gm. per 24 hours. 

^^^.len glycin was discontinued the creatinuria gradually dimin- 
ished to 0. Gljmin was fed again a month later for 10 daj's, this 
time eliciting a briefer rise in creatin output, from 0.01 to 0.138 gm. 
per 24 hours and returning to 0.048 gm. per 24 hours. After omit- 
tiiig glycin from the diet it -urns found that all but a trace of creatin 
disappeared from the mine. The third time gijmin -urns given 
(7.5 gm. for 8 days; 20 gm. for 5 days) there wms only a slight rise 
in the creatin excretion, but there was always some creatin in the 
mine as long as gl^min was fed. The patient experienced mitiga- 
tion of pain and stiffness shortly after the beginning of administra- 
tion of glycin. Dming the long interval (August 12 to September 



564 ALLINSON, HENSTELL, HIMWICH: PERIPHERAL NEURITIS 

30) between tlie first and second periods of glycin ingestion, the 
stiffness in his legs and arms became progressively worse. The 
neurologic observations made at intervals of 3 weeks indicate 
progressive but slow recovery, although this improvement’ cannot 
be correlated definitely with the short period of glycin feeding. 
However, as the clinical condition improved, there was a gradual 
diminution in the extra creatin excreted in response to glycin. 

Other amino acids did not yield the same results. No changes 
in creatin output were observed vdth edestin (rich in glutamic acid 
and arginin) and glutamic acid. The feeding of creatin in 0.5-gm. 
doses resulted in excretion of about 20% of the ingested amount. 
The elimination of so small a portion of the exogenous creatin may 
be attributed in part to the earlier ingestion of glycin. Paresthesias 
were noted during the • creatin administration, resembling the 
observations of Chanutin^^ in progressive muscular dystrophy. 

The other urinary constituents did not present the cycle of 
changes observed with creatin. The inconstant creatinin excretion 
which will not be described in detail, is similar to that found by 
Gibson and Martin,'- and Magee'® in progressive muscular dystrophy. 
The deviations in nitrogen and sulphur excretion were not great, 
these substances tending on the whole to lessen throughout the 
period of observation. 

The appearance of an intercurrent fever during the course of the 
experiment was accompanied by an increased creatin output. Of 
particular interest is the fact that the increased creatinmia pre- 
ceded the elevation of the temperature and persisted a short time 
after its retmm to normal. 

Summary. A case of toxic peripheral neuritis with atrophy and 
creatinuria was studied. Daily analyses were made of urinary 
excretion of creatinin, creatin, nitrogen and sulphur. In contrast 
with other cases of secondary muscular atrophy, but like those with 
progressive muscular dystrophy and myastlienia graHs, the inges- 
tion of glycin markedly increased the creatinm'ia. The absence of 
response to edestin or glutamic acid was also noted. 

As the patient’s condition improved, tlie creatinuria decreased 
and the reaction of glycin correspondingly diminished. 

We are grateful to tie Staff of the Medical Serv-ice of the New Haven Hospital 
for assisting us wholeheartedly in this study. 
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THE EXOPHTHALMOS OF GRAVES’ DISEASE. ITS EXPERI- 
MENTAL PRODUCTION AND SIGNIFICANCE. *t 

By David Marine, 

BIRECTOR OF BABORATORY DIVISION, 

AND 

S. H. Rosen, 

ASSOCIATE LABORATORY DIVISION, MONTEFIORB HOSPITAL, 

NEW YORK. 


(From the Laboratory Division, Montefiore Hospital.) 


The chronic bilateral exophthalmos that develops in the course 
of Graves’ disease in about one-third of the cases has attracted the 
attention of anatomists, neurologists, ophthalmologists, physiologists 
and pathologists alike and each has contributed to its elucidation as 
well as to the confusion which at present attends it. The recent 
independent development of two methods of readily producing 
exophthalmos experimentally in susceptible animals, namely, (a) 
by the injection of anterior pituitary emulsions or extracts in young 
ducks (Schockaert*) and in young guinea pigs (Loeb and Friedman^), 
and (b) by the intramuscular injection of cyanids (preferably 
methyl cyanid) in young rabbits maintained on a diet of alfalfa hay 
and oats (fresh green prevents or abolishes the exophthalmos) 
(Marine ei has made it possible further to advance our knowl- 
edge of the cause and mechanism of this form of exophthalmos. 

Many of the older theories to explain the exophthalmos of Graves’ 
disease— namely that it was due to the accumulation of fat in the 

* Read at the 1933 Medical Fortnight of the New York Academy of Medicine. 

t Aided by a grant from the Ella Sachs Plotz Fund. 
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orbit, or edema and venous congestion, or asthenia and fatty de- 
generation of the somatic muscles, or myositis— are not now believed 
to be of primary importance, although they are important secondary 
and contributing or complicating factors. 

We take it as established that the primary or essential cause of 
the widening of the palpebral fissure, the protrusion of the eyeball 
and the dilatation of the pupil in the rabbit, rat and guinea pig is 
an increased tonus of the orbital muscles of Mueller (1858)^ (M. 
orbitalis, M. tarsalis sup., M. tarsalis inf.) and the pupillodilator 
muscle. The M. orbitalis in man and in monkeys is vestigial and 
on this account it is difficult to explain protrusion of the eyeball in 
these species by its contraction. Unquestionably in human Graves’ 
disease there is usually some wealcness of the somatic muscles. 
These orbital muscles are composed of non-striated fibers and are 
innervated by the sympathetic nervous system. Electrical stimula- 
tion of the peripheral end of the cut cervical sympathetic trunk 
in the cat, dog and rabbit (Wagner, 1859') causes widening of the 
palpebral fissure, protrusion of the eyeball and dilatation of the 
pupil on that side, provided the superior cervical ganglion is intact. 
Injections of adrenalin also cause retraction of the lids, protrusion 
of the eyeball and dilatation of pupils. Unfortunately very little 
has been added to our Imowledge of the anatomical relations and 
physiology of these muscles since Mueller’s work. Because of this 
we have undertaken such a study in the rabbit where, as first shomi 
by Mueller, these muscles are unusually well developed. In gen- 
eral, however, it may be stated that one group of these muscles 
extends from about the level of the equator of the eyeball into the 
upper and lower eyelids (Mueller’s tarsal muscles) while the other 
smooth muscle mass forms a cone-shaped cylinder enclosing most 
of the orbital contents and extends from the margin of the bony 
orbit backward toward the optic foramen (hlacCallum and Cornell-'). 

The nervous pathway of the sympathetic innervation of the 
smooth muscles of the eye, as shomi by Claude Bernard® and many 
others, is usually represented schematically by ganglion cells in the 
lateral horn of the spinal cord whose axones emerge at the level of 
the first and second thoracic segment and end around the ganglion 
cells in the superior cervical ganglion from which the postganglionic 
axones extend to the muscle. 

In 1909 Karplus and KreidP showed that stimulation of the 
hj’pothalamus in cats lateral and slightly posterior to the infundi- 
bulum caused maximum dilatation of the pupil, widening of the 
palpebral fissure and retraction of the nictitating membrane, thus 
proving for the first time a true hypothalamic center of the sym- 
pathetic. The nervous pathway from the hjqiothalamus to the 
lateral horns of the spinal cord is not knomi. 

Our interest in exophtlialmos was renewed in the fall of 1931,® 
when, following the daily intramuscular injection of 0.05 to 0.1 cc. 
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of methyl cyaiiid into prepuberal rabbits maintained on a diet of 
alfalfa hay and oats, there was a progressive development of bilateral 
exophthalmos beginning in some cases as 'early as the' 3d week 
after starting the injections, while in others it began as late as the 



Fia. 1. — Frontal view. Rabbit 1-1339, male, at the age of 117 days and after 
receiving daily injections of acetonitril in doses of 0.05 to 0.1 cc. 



Fig. 2. — Lateral view, same rabbit. 
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3d month (Figs. 1 and 2). It was much more easily produced 
in males than in females, and some rabbits of both sexes, but more 
commonly females, failed entirely to develop exophthalmos in this 
time period. Adult rabbits of both sexes are quite resistant. Of 
the two breeds of rabbits we have used, the Dutch strain is much 
more susceptible than our common gray strain. Along with the 
development of the exophthalmos there were often signs of precoc- 
ious sexual development, particularly after thyroidectomy. 

The most important association, however, of the exophthalmos 
was with goiter. Onlj’’ those rabbits developed exophthalmos 
which also developed thyroid hyperplasia, showing clearly that there 
was a close relation between the degree of thyroid insufficiency as 
indicated by the goiter and the development of exophthalmos. 
With this fact established, we tried the effect of methyl cyanid on 
rabbits after thyroidectomy,^® and found that the exophthalmos 
was more easily produced and more marked in sueh animals than in 
animals with the thyroid intact. (The probable explanation of this 
will appear later.) This finding indicated that the thyroid hormone 
had nothing to do with the cause of the exophthalmos. Schockaert 
and later Loeb and his coworkers had shovm that pituitary extracts 
also caused exophthalmos in young ducks and young guinea pigs 
respectively. Our experience with cyanid exophthalmos after 
thyroidectomy led us to suspect that the thyroid likewise had noth- 
ing to do with the exophthalmos produced by pituitary extracts. 
We, therefore, removed the thyroid gland from a number of guinea 
pigs and injected a potent preparation (Loeb) of the thyrotropic 
factor. As marked (and usually earlier) exophthalmos was obtained 
in the thyroidectomized guinea pigs as in the control pigs with 
intact thyroids.” It now appeared obvious that the exophthalmos 
was brought about by the stimulating action of the thyrotropic 
factor, of the anterior pituitary and that the thyroidjgland took no 
positive part in its causation. 

As to the mechanism of the production of exophthalmos by cyanid 
and diet it is our opinion that cyanid anoxemia aids in bringing 
about a deficiency of some hormone which stimulates some hypo- 
thalamic center which in turn stimulates the anterior pituitary 
to excrete an increased amount of thyrotropic factor which directly 
through the blood stream stimulates the thyroid cells and also 
independently of the thyroid stimulates the higher sympathetic 
center in the hjqiothalamus controlling exophthamos; This stimu- 
lation of the sympathetic center apparently becomes effective only 
when the thyroxin content of the thyroid is becoming exhausted. 
The fact that removal of the superior cervical sympathetic ganglion 
abolishes exophthalmos caused by methyl cyanid or by the thyro- 
tropic factor, whereas it makes the smooth muscles of the eye more 
sensitive to adrenalin is further proof that the thyrotropic hormone 
causes the exophthalmos by acting through a nervous mechanism. 
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Methyl cyanid also causes an increased output of adrenalin but 
this is not sufficient to cause exophthalmos in animals with the 
cervical sympathetic cut or even with the superior cervical ganglion 
removed. 

With this explanation of the mechanism of exophthalmos we can 
understand why large parenchymatous goiters alone or thyroidec- 
tomy alone (Gley^^) sometimes causes exophthalmos in young 
rabbits (we have also observed this phenomenon) and why thyroidec- 
tomy plus cyanid nearly alwa3''s hastens the onset of and increases 
the degree of exophthalmos in immature rabbits. Thyroidectomy, 
as first shovm by Rogowitsch'^ and confirmed by most subsequent 
observers, is the most potent physiologic stimulus to the anterior 
pituitary as indicated by the degree of enlargement of the anterior 
pituitary. Thyroidectomy stimulates the anterior pituitary to 
excrete more thyrotropic hormone because of the depression of oxida- 
tion processes, and if this metabolism depressant is combined with 
another powerful depressant of oxidation processes (cyanid) we get 
the earlier onset of and the more severe types of exophthalmos. 

Finally there are some practical considerations that are of interest 
and importance. It has been known since partial thyroidectomy 
was first introduced into the therapy of Graves’ disease that cases 
of Graves’ disease occasionally develop exophthalmos after partial 
thyroidectomy, and second that exophthalmos existing at the time 
of operation often was made worse by thyroidectomy^^’^®’'®. The 
more recent subtotal thyroidectomies have undoubtedly further 
increased the incidence of postoperative exophthalmos. On the 
basis of our experimental work this could be explained by the in- 
creased thyroid insufficiency caused by the subtotal thyroidectomy 
which in turn calls forth a greater pituitary response. 

The only medical treatment that has been found of benefit is the 
administration of iodin and desiccated thyroid. This, however, 
has not been very successful, as is indicated by the literature reports. 
Our attempts to cure the experimental exophthalmos of rabbits 
with iodin and desiccated thyroid administration, likewise, have been 
unsuecessful. On the other hand, it is easily prevented in rabbits. 
If 1 to 2 mg. of iodin are given weekly during the period of methyl 
cyanid administration no thyroid hyperplasia (goiter) develops and 
therefore no exophthalmos develops. 

The most hopeful means of controlling the exophthalmos of 
Graves’ disease at present available appears to be by prevention. 
By preventing goiter in general we will eertainly lessen anterior 
pituitary stimulation and thereby lower the incidence of exoph- 
thalmos. This has already been proven in the state of Michigan 
where, following Kimball’s introduction of goiter prevention about 
1920, there has been a sharp decrease in the incidence both of 
endemic goiter and Graves’ disease (McClure). 

The only other general method of attempting the cure of exoph- 
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thalmos is by dividing the cervical sympathetic or removal of the 
cervical ganglia as introduced by Jaboulay,*® Jonnesco^® and others. 
Dividing the cervical sympathetic trunk only partially reduces the 
exophthalmos in rabbits, even in the earlier and uncomplicated 
stages. Eemoval of the superior cervical ganglion completely abol- 
ishes exophthalmos produced in rabbits by cyanid administration, 
at least during the first 2 or 3 months of its existence. It would prob- 
ably be ineffective in the long-standing human cases where marked 
asthenia, degenerative and inflammatory changes have developed 
in the somatic muscles. If it were possible to divide the post- 
ganglionic fibers supplying the Mueller muscles only, the operation 
would be beneficial. 

Summary. It may be stated that chronic and progressive exoph- 
thalmos can now be readily produced in immature animals of sus- 
ceptible species by injecting pituitary extracts and by the injection 
of cyanids (preferably methyl, cyanid) into rabbits maintained on a 
diet of alfalfa hay and oats. Both these means of production 
depend upon 2 factors; (1) upon the thyrotropic hormone of the 
anterior pituitary, in the one case by passively supplying it and in the 
other by stimulating the pituitary to produce it, and (2) upon the 
existence of a relative thyroid insufficiency. The maintenance of a 
normal thyroid bj’’ iodin or thyroxin admmistration prevents the 
cyanid and the pituitary extract exophthalmos. This indicates 
that normally there is a delicate physiologic balance between the 
thyroxin needs and the thyrotropic hormone. As regards therapy, 
iodin and desiccated thyroid appear to be the only logical remedies 
at present available but in neither the human Graves’ disease nor 
in the experimental exophthalmos of rabbits are the results very 
promising. 

The future outlook for controlling this deformity by prevention 
and even of curing individual cases, however, is far from hopeless. 
In the first place it can be prevented by iodin or by desiccated 
thyroid. In the second place it is our opinion that as the nature 
of Graves’ disease is further unravelled it is quite probable that the 
natural cause (which we believe is due to a deficiency of some hor- 
mone of suprarenal cortex and gonad origin) of the stimulation of the 
midbrain centers occurring in Graves’ disease which stirs the ante- 
rior pituitary to increased activity will be found and that a hormonal 
therapy may become available— a hormone probably of suprarenal 
cortex or gonad origin 
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Tuberculosis in the Child and the Adult. By Francis Marion 
P oTTENGER, A.M., M.D., LL.D., F.A.C.P., Clinical Professor of Medi- 
cine (Department of Chest) 'Universit 3 '^ of Southern California, the 
School of Medicine; Medical Director, the Pottenger Sanatorium and 
Clinic for Diseases of the Chest, Monrovia, California. Pp. 611; 85 
illustrations. St. Louis: The C. V. Mosby Companj’’, 1934. Price, 
SS.50. 

This book encompasses in convenient bulk an adequate description, for 
the sanatorium physician or the physician in private practice, of the diag- 
nosis and care of tuberculosis and the scientific principles on which these 
are founded. It is based on a comprehensive review of recent literature in 
the fields covered. The opening chapters present sociological considerations 
and the pathological background. The author holds to the view of endo- 
genous reinfection, as the source of adult disease, which was the dominating 
view up to a few years ago, but he is conservative and ’gives consideration 
to the more recent belief, increasingly accepted in this country, of exogenous 
infection. There is a good exposition of the development, course and suit- 
able treatment of childhood tuberculosis, mth an enlightening set of Eoent- 
gen ray reproductions illustrating the resolution of cliildhood lesions. 
These would be improved if negative instead of positive reproductions were 
used. Elsewhere in the book superb negative reproductions, with the 
densities in white, are employed. The importance of the Roentgen ray in 
prognosis, as well as diagnosis, is well indicated. In general, phj’^sicians 
seeking sound information on the problems commonly encountered in the 
care of tuberculosis, will find their questions answered, and in conformit}’’ 
with other standard works on tuberculosis. Additional interest is given to 
this book by the extended consideration devoted to certain phj’-siologioal 
principles, or in the author’s term, the “Visceral neurology of tuberculosis,” 
a field that has been largely developed bj’- the author. The book is of great 
value for its concise assemblage of data on reflex sjTOptoms and signs in 
tuberculosis previously recorded in a series of publications. In a final 
instructive chapter of 100 pages the diagnosis and treatment of a consider- 
able variety of cases is illustrated by case reports from the author’s experi- 
ence. E. L. 


That Heart OF Yours. By S. Calvin Smith, M.D., Sc.D. Pp. 212; 6 il- 
lustrations. Philadelphia: J. B. Lippincott Companjq 1934. Price, §2. 

This book contains a description of the anatomy and plysiology of 
the heart, and outlmes the pathology, signs, symptoms and management 
of heart disease. It is mitten for the Ia 3 mian. It is not quite interesting 
enough in its style to be considered “light reading.” It is more of the 
nature of a textbook. The reader may judge of the validity of the doctrine 
propounded from these quotations: “The eating of an excess of meat may 
produce a nephrosis of the kidnej^s.” “The chemical formula of water is 
HoO and this oxygen content is a valuable source of oxj^gen supply.” 
“High blood pressure maj" be an mdication that the individual is develop- 
ing a resistance to an acute infection.” “Sugar is a very powerful dynamic 
substance. In excess, it can so overvdielm the blood as to produce the 
coma (deep sleep) of diabetic shock. On the other hand, the diminution 
of sugars within the blood may so reduce the vitality that a form of sugar 
called glucose is employed bj’- rectal injection to resuscitate the djdng.” 

After describing the circulation of blood from the left ventricle through 
the aorta and arterioles to the capillaries, the author states: “Let us 
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continue with the return trip of vitiated venous blood to the heart. En 
route, the returning blood undergoes purification by passing through those 
filtration plants called the Iddneys.” The last clmpter, “The Psychology 
of Reconstruction,” is very well done._ However, the rest of the book 
contains so many statements that are either inaccurate or debatable, that 
a doctor should read it himself before he suggests it for his patients’ con- 
sumption. F. W. 


Alcohol: Its Effects on Man. By Haven Emerson, M.D., Professor 
of Public Health Practice, Columbia University. Pp. 114. New York, 
D. Appleton-Century Company, 1934. Price, $1. 

This is a brief resume of the larger volume. Alcohol and Man, published 
in 1932 under the editorship of the author. It is intended for teachers 
in the pubhc schools and for students in high school or college, to supply 
them with modern, authoritative information about a topic the social and 
economical importance of which is now even greater than ever before. 
The subject is treated concisely and factually and in non-technical words. 
The book may well be recommended by physicians to laymen seeking 
general information about alcohol. ' C. S. 


Notes on the Medical Treatment of Disease. By Robert Dawson 
Rudolf, C.B.E., M.D. (Edin.), F.R.C.P., Professor of Therapeutics in 
the University of Toronto; Consulting Physician, Toronto General 
Hospital, and Victoria Hospital for Sick Children, Toronto, etc. Pp. 
540. Fourth edition. Toronto: The University of Toronto Press, 1934. 
Price, 54. 

The popularity of this little book, as shown by its reaching the fourth 
edition, is well deserved. Elementary though its scope, its science is sound 
and it so well seasoned with that which is the art of medicine that it should 
be particularly useful to the medical student and the young practitioner. ‘ 

R. K. 


Le Barbiturisme Aigu et les Antidotismes Gardenal (Strychnine, 
CoRAMINE, AlCOOL) (AcUTE BARBITURATE POISONING AND ANTIDOTES 
FOR Phenobarbital— Strychnine, Coramine, Alcohol). By G. 
Carriere, Professor of the Medical Clinic of the Hopital St.-Sauveur, 
Lille; Claude Huriez, Chief of the Medical Clinic; and P. Willoquet. 
Pp. 164; illustrated. Lille: A. Durant, 1934. Price, 30 francs. 

This monograph deals mainly Avith the clinical literature on acute 
barbiturate poisoning (its symptoms, signs, prognosis and pathologjO and 
A\ith a small series of animal experiments in which electrocardiographic 
tracings were made, the above-named antidotes were tried, and postmortem 
studies were made of the pathologic lesions. In vieiv of the growing fre- 
quency of poisoning by drugs of this group, a publication of this nature would 
be welcomed by clinicians, but this one is not critical or comprehensive 
enough to satisfy the need. Nevertheless, it points out certain characteristics 
of human barbiturate poisoning that are not generally appreciated: fever, 
usually on the second day; oliguria or anuria, which maj’- persist and 
cause death from uremia; myosis; pulmonarj’^ congestion, pneumonia, 
acute pulmonarj'' edema; and a large variety of skin lesions, although 
these are less frequent in acute poisoning than in chronic. The danger- 
ouslj' toxic doses for man are given as 4 gm. of barbital, 3 gm. of 
phenobarbital, about 7 gm. of dial. In rabbits phenobarbital character- 
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istically caused congestion and fatty* degeneration in the liver and an 
acute tubular neplu-itis; the lesions were not modified by treatment 
with strychnm. Authors’ experience TOth stryclmin as an antidote leads 
them to doubt that a quantitative antagonism exists between it and 
barbiturates; although it was of some benefit, it did not cause more rapid 
recoverj^ and it often caused violent commlsions in the midst of pheno- 
barbital coma. They believe coramin is a more promising antidote, but 
alcohol (30% intravenously) seems best of all. No explanation for this 
extraordinary effect of alcohol is offered, nor is there any mention of the 
dangers (thrombosis or embolism, hemolysis, cardiac depression) of intra- 
venous injection of 30% alcohol; it had not been tried on human beings at 
the time of writing. C. S. 


An Introduction to PRi\.CTicAL Bacteriology. A Guide to Bacterio- 
logical Laboratory Work. By T. J. Mackie, M.D., D.P.H., Professor 
of Bacteriology, University of Edinburgh, etc., and J. E. McCartney', 
M.B., D.Sc., Director of Research and Pathological Services, London 
County Council, etc. Pp. 504. Fourth edition. Baltimore: WilHam 
Wood & Co., 1934. Price, !54. 

This might well be called a handbook of bacteriology. It viU prove a 
valuable aid to the laboratorj'- technician as a clear, concise presentation 
of the essential routme procedures. The fourth edition vith its exposition 
of improved cultural methods has a place on the reference shelf of every 
laboratory. The novel presentation of bits of theory along vith the 
technique increases its usefulness for the undergraduate student, and the 
book would serve very well as a laboratorj' outline for first courses in 
bacteriology. D. L. 


A Short History of Sojie Common Diseases. By Divers Authors. 
Edited by W. R. Bett, M.R.C.S. (Eng.), L.R.C.P. (Lond.), Late Resi- 
dent Medical Officer, Princess Elizabeth of York Hospital for Children, 
Shadwell, E., etc. Pp. 211. London: Oxford University Press, 1934. 
(Price not given.) 

This “original venture in medical literature” gives, entertainingly but 
compactly, the important details in the development of knowledge of more 
than a score of the commoner diseases. Tlie names of such well-known 
writers as Broadbent, John Fraser, d’Arcy Power, Humphrej’- Rolleston, 
R. 0. Moon, J. D. Comrie and others guarantee the accuracj’^ of the presen- 
tation. One regrets that apparentlj’^ limitations of space haY'e at times 
led to a rather categorical listing of events in a book that one would like to 
have seen twice as large. E. K. 


NEW BOOKS. 

Iniernalional Clinics, Vol. 3, Forhj-fourih Series, 1934- Edited by Louis 
Hamylvn, M.D., Visiting Physician, Jolms Hopkins Hospital, Baltimore, 
■ until 14 collaborators. Pp. 327; illustrated. Philadelphia; J. B. 
Lippincott Company, 1934. 

Items of especial interest in this number arc the two opening articles on the 
heart Mth an excellent colored plate of cardiac cyanosis, a short but illuminating 
statement of a concept of allergj’, and an interesting clinicopathologic conference. 
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Practical Talks on Heart. Disease. By Geoege L. Carlisle, M.D., Asso- 
ciate Professor of Clinical Medicine, Baylor University, Dallas, Texas. 
Pp. 153. Springfield, 111.: Charles C Thomas, 1934. Price, $2.00. 

The Compleat Pediatrician. Practical, Diagnostic, Therapeutic and Pre- 
ventive Pediatrics. By Wilburt C. Davison, M.A., D.Sc., M.D., 
Professor of Pediatrics, Duke University School of .Medicine, and Pedia- 
trician, Duke Hospital. Unpaged. Durham, N. G.: Duke University 
Press, 1934. Price, $3.75. 

Parasitism and Disease. By Theobald Smith, Director Emeritus of the 
Department of Animal Pathology, Rockefeller Institute for Medical 
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VAGINITIS. 

Before attempting to study pathologic lesions of any part of the 
body it is always well to have a knowledge of the normal histology 
and physiology of that part. Therefore, some studies on the biology of 
the vagina are presented. 

Varying Vaginal Flora. — Cruickshank and Sharman^ have observed 
the bacterial flora and secretions of the vagina at all ages from birth 
until after the menopause and also during pregnancy. In the virgin 
there are 4 alternating phases: (1) Soon after birth and for the first 
2 or 3 weeks of life simple homogeneous flora of Gram-positive bacilli, 
knovm as Doederlein’s vaginal bacillus, are established in the vagina in 
association with a highly acid non-purulent secretion. (2) After the 
first month and until puberty, vaginal bacterials are sparse and varied 
while the secretion is scanty or absent and when measurable, is alkalin 
in reaction. (3) At puberty there is a reversion to the type of flora and 
secretion found in tlie first week of life, a condition apparently persisting 
in the healtliy woman until the menopause. (4) Following the meno- 
pause, there is a return to tlie sparse flora and scanty alkalin secretion 
found in the vagina before puberty. These findings correspond closely 
Avitli the authors’ prcYaous studies on the presence or absence of glycogen 
in the vaginal epithelium. "N^flien glycogen is present, as in the new- 
born infant and during tlie reproductive period, the homogeneous 
bacterial flora and higlily acid secretion appear, ^^flien it is absent, 
the secretion is scanty and alkalin and the bacterial flora usually are 
Y'aried. Ob\-iously the glycogen is being utilized with tlie consequent 
production of acid which soon reaches such a concentration that only 
acid-resistant bacteria, such as Doederlein’s bacillus, can survive and 
multiply. In this way a defense mechanism is produced in the vaginal 
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cavity capable of preventing the establishment there of foreign or harm- 
ful bacteria. 

Since the Doederlein bacillus is normally present in the vagina during 
the reproductive period, Mohler and Brown^ have used cultures of this 
organism in the treatment of vaginitis in a small series of cases with 
encouraging results. The culture, grown in whey, is prepared by mixing 
I ounce with enough sugar of milk to make a thin paste. The mixture 
is implanted in the vagina after cleansing with dry cotton and a small 
cotton tampon is then placed in the vaginal introitus. The treatment 
is repeated once daily either by the physician or patient. After a 
cleansing douche of plain water, the mixture is injected into the vagina 
with a soft rubber ear syringe, the patient assuming a reclining position 
with the hips elevated. Smears of the vagina are made weekly until 
the Doederlein bacillus can be recovered by culture. All of the patients 
in this series complained of a leucorrhea which had failed to respond to 
other methods of treatment, such as cauterization of the cervix and 
Skene’s tubules and the application of antiseptics following thorough 
cleansing of the vagina. The Doederlein bacillus was absent in every 
case before treatment was begun. Proof of cure was based on absence of 
symptoms, the inability to find pus cells in large numbers in stained 
smears, failure of the vaginitis to return after treatment has been dis- 
continued and finally recovery of cultures of the implanted organisms 
from the vagina. 


Trichomonas Vaginalis Vaginitis. — In recent years much considera- 
tion has. been given to trichomonas vaginitis. 'V\diile the disease is fre- 
quently found, it is often refractory to all of the numerous treatments 
advocated. As the organism is a protozoon and as quinin is known to 
destroy some of the protozoa, it occurred to Sure and Bercey® that 
quinin might be useful in the treatment of such cases. In their small 
series of 7 cases all have been improved clinically and microscopically 
by the use of quinin, although 6 of the patients had previously received 
various treatments without improvement. The treatment consists of 
the insufflation of 15 grains of quinin sulphate powder into the vagina 
with a powder blower daily for a few days, checking the effect of the 
drug on tlie organisms which as a rule soon disappear. In some cases 
this was supplemented by the use of 15-grain quinin capsules which 
the patient inserted into the vagina at night. Under the microscope 
it was found that when quinin was brought in contact vith trichomonads 
they were immediately thrown into spasm followed by diminishing 
motility -with complete cessation in a short time. 

The treatment advocated by Goodall^ consists of the use of an acid 
antiseptic in a medium wliich will slowly dissolve thereby keeping the 
vagina in a constant bath of antiseptic. These two factors are obtained 
jjy using vaginal cones of 1% picric acid. A cone is inserted high up 
in the vaginal vault on retiring. A lactic acid (1 dram to the quart) 
douche is taken daily in the morning. After the first treatment with the 
cone the whole vagina is stained a pale yellow. There is usually a 
tendency to recurrence following menstruation, but this may be con- 
trolled bj'^ the above treatment, in fact the treatment may be continued 
throughout menstruation. His results have been successful in a series 
of 64 cases in from 5 to 10 days. The pruritus disappears during the 
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first 3 treatments and the pus is generally absent on the 3d or 4th day 
Desquamation goes on for some time but by the lOtli day the mucosa 
has taken on a healthy appearance. The treatment may be given 
during pregnancy except dmdng the last month. 

The method of Ruble^ is based on tlie principle of osmosis. The 
trichomonas has a semipermeable cell wall which encapsulates a fluid 
or semifluid protoplasm. Theoretically a rapid increase in salt concen- 
tration in the fluid siuTOunding tlie trichomonas should result in its 
destruction, in the process of establishing osmotic equilibrium. Corrob- 
orating tliis theory by laboratory experiments, Ruble then applied it 
clinically by ha\’ing the patients insert 2 magnesium sulphate supposi- 
tories (75 grains each) into tire vaginal vault night and morning for 3 
days and tlien 2 each night for the next 3 days. On the 7th day tliere 
are few pus cells remaining and usually no organisms. If organisms 
are still present either the amount of magnesium sulphate is increased 
or copper sulphate suppositories (5 grains) are substituted. Subsequent 
treatment consists of one suppositoiy nightly until the next menstrua- 
tion when 2 are inserted each night during the flow. If no organisms are 
present after the flow, the suppositories are continued every other night 
during tlie second month. All treatment is discontinued at the end of 
tlie second period, if examination shows no organisms. 

Smith® treats these patients by tlie use of a suspension of ■§ teaspoonful 
of sodium perborate powder in a half cup of lukewarm water. In the 
recumbent position the patient gently injects this freshly prepared 
suspension into tlie vagina night and morning and continues tlie treat- 
ment during menstruation. In 2 or 3 days tlie patient experiences 
marked relief from symptoms and as a rule speaks of a great lessening 
of the vaginal discharge. It is his practice at the first examination to 
instil into the I'agina a small amount of 5% mercurochrome on a sponge. 
If the routine is continued for 1 or 2 months or tlirough 1 or 2 menstrual 
periods, the patient may stop all treatment and be free from sjmiptoms. 
The basis on which this treatment is founded is tliat in cultures the 
trichomonas is found at the bottom of tlie test tube and also multiplies 
under true anaerobic conditions. Furthermore increased oxygen ten- 
sion is toxic for a number of parasitic species of trichomonads. Sodium 
perborate when in contact with exudates gives off bubbles of oxygen, 
though more slowly than hydrogen peroxid. 

According to Ayer and NeiF trichomonas vaginitis jdelds readily 
to treatment based upon tlie fact that trichomonas vaginalis requires 
an eninronment which is acid in reaction. For 5 years they have had 
unvarjdng success in the treatment of this disease by a simple form of 
treatment. Bicarbonate of soda is given by moutli until the urine is 
alkalin, usually giidng 2 or 3 teaspoonfuls daily. After tlioroughly 
cleaning and drjdng the vagina and ceridcal canal, tlie lower ceridcal 
canal is packed vdth powdered sodium bicarbonate and then about 2 
ounces of the bicarbonate is packed into the vagina as the speculum 
is witlidrawn. The patient takes a douche tlie following day using 1 to 
2 ounces of soda bicarbonate to 1 quart of warm water and assuming 
the recumbent position. The “soda pack” gives a burning sensation 
which lasts for 3 to .5 hours but most women are vailing to endure it 
without sedatives. Relief from burning on urination and imlval irrita- 
tion occurs within 24 hours from the institution of treatment. Treat- 
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ments are given on alternate days until the parasites disappear, after 
which the douches alone are continued until after the second menstrual 
period. If the patient is then microscopically negative, treatment may 
be discontinued. 

It might be well to call attention to the fact that, in the opinion of 
some investigators, the trichomonas vaginalis has very little if any 
etiologic relationship to vaginitis. Thus Hibbert® states that it may 
be found in the vaginal secretions of many women for long periods of 
time without producing vaginitis. On the other hand in a large per- 
centage of cases having an acute vaginitis where the trichomonas 
exists, tlrere is an associated predominant growth of a Gram-positive, 
nonhemolytic, short-chain streptococcus present which is capable of 
producing an active vaginitis when not associated with the trichomonas. 
He has found that by repeated vaginal applications of a specific strepto- 
coccic bouillon filtrate the active growth of the organisms in the vagina 
ceases and the vaginitis subsides in spite of the persistence of the pro- 
tozoon in the secretions. After describing the method of preparation 
of the bouillon filtrate he states that the method of treatment was uni- 
form. All other methods of treatment were suspended, all douches 
forbidden and the patient was allowed 1 tub bath daily. In indicated 
cases repeated cauterization of the cervix was resorted to where cervicitis 
was present. The vaginal canal was dried with sterile cotton and a 
large cotton tampon saturated with the bouillon filtrate was packed 
against the cervix and allowed to remain in place for 12 hours during 
which time the patient was advised to remain off her feet in order to 
aid in retaining the fluid in the vagina. The treatment is repeated 2 or 3 
times a week until the vaginitis disappears. 

Another line of reasoning concerning the r6le of the trichomonas is 
that suggested by Hesseltine^ who states that it is well established that 
patients suffering from trichomonas vaginitis are prone to have recm*- 
rences, especially at or follovdng the menses. It is equally known that 
exacerbations of gonorrheal cervical infections are often related to tlie 
menstrual period. By analogy one might argue that the etiologic 
agents in "trichomonas vaginitis” were bacteria with their foci in the 
deeper vaginal epithelium or in the cervical glands. Such infections 
present difficulties in effeeting prompt and consistent cures. The most 
conclusive study in determining pathogenicity of vaginal flagellates 
would involve freeing the trichomonads from all bacteria, fungi and 
other infective agents and transplanting them into the vaginas of 
uninfected women and then Ijeing able to recover and identify the 
organisms after the disease has developed. If strict isolation proves 
impossible, proof of pathogenicity must rely upon indirect evidence, 
such as the production of the disease bj"- bacteria commonly associated 
uith the parasites, witli the demonstration of the relationslup between 
the bacteria and the trichomonads. Finally it may be shoum that 
neither tlie flagellates nor the bacteria by themselves are pathogenic, 
but that one group activates the other. I^fiiile he believes that “tricho- 
monas vaginitis” is produced by some infective agent, be feels that 
the pathogenicity of the triehomonas vaginalis has not been proved 
conclusively. He states that it would seem that the trichomonas is a 
scavenger and feeds upon bacteria; furthermore it fails to grow on 
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media in the absence of bacteria, so that presumabl 3 '^ an abnormal vaginal 
flora is a prerequisite for the invasion of the tidchomonads. 

During pregnancy the presence of the trichomonas maj' be a very 
annojdng complication. In the Cook Countj'^ Hospital, Chicago, 
Crown^® examined 300 patients during tlie 9tli month of pregnancj’- and 
found the trichomonas vaginalis in 50 of 200 white women and in 50 
of 100 colored women. The incidence was much greater in nulliparaj 
than in multiparse altliough age is an irrelevant factor. The large 
majority of the patients had no complaints relative to tlie presence of 
the organism. The trichomonas maj”^ be found in anj’" kind of discharge 
but the characteristic type is thin, j^ellowish and foamy. It does not 
cause abortion nor increase puerperal morbiditj’’ and cause's no difficulty 
in labor unless there is an associated vaginitis. 

In the treatment of trichomonas vaginalis vaginitis during pregnancy 
Glassman^^ has tried manj' of the numerous methods recommended 
but at present ad\'ises the use of pure cr 3 fstallin phenol in an acid me- 
dium, notabl 3 ’^ boric acid powder, instead of the usual sodium bicarbonate, 
as he found that tlie sodium bicarbonate often produces an irritation. 
Essential oils are added for their cooling effect. In acute cases the 
patient is allowed to take daily douches for 1 or 2 weeks which relieves 
the s 3 'mptoms and alla 3 '^s the irritation. The vagina is then swabbed 
vith a cotton pledget and the dry powder, mixed witli 3 times its volume 
of boric acid powder, is instilled into tlie vagina, the patient being 
instructed to take a douclie with ivarm water the same evening or tlie 
next morning. As tlie phenol content of tlie douche powder averages 
from 6 to 8%, it must be mixed vdtli at least 3 times its volume of 
boric acid powder before it is used dr 3 ’’ in the vagina. In a number 
of patients who harbored the organisms during pregnanc 3 f and had no 
treatment, a spontaneous cure occurred during the puerperiuni. In 2 
cases the 3 ^ remained free from infection until they again became preg- 
nant when the organisms returned. 

Trichomonas vaginalis vaginitis in childhood is most unusual, in fact 
it has been said that the organism has never been found before the 
onset of menstruation. Whether tliis has anything to do with the 
biologic condition of the vagina as outlined in the beginning of this 
review cannot be definite^' stated but it is suggestive. Frankenthal 
and Kobak,’® however, report 4 cases of trichomonas vaginalis vaginitis 
during or before pubert 3 ^ Three of the patients were prepubescent 
and the other had had onl 3 '^ one menstrual period. The 3 ' found that 
the local treatment in children is ver 3 ' difficult and unsatisfactor 3 ' 
because of the virginal introitus and the infantile state of the genitals. 
Improvement of local and general h 3 'giene together with a well balanced 
diet is ver 3 ' beneficial and the 1 patient in this series who was limited 
to these measures made the most satisfactor 3 ’’ progress. The course of 
tliis infection in childhood is quite prolonged and it is more difficult 
to effect a cure tlian in adults. 


Gonorrheal Vaginitis,— The diagnosis of gonorrheal vaginitis is 
sometimes surrounded with difficulties and in cases of a medicolegal 
character ma 3 ’ be quite hazardous. In a series of 500 consecutive cases 
at the London Count 3 ' Council clinic at Whitechapel, reported b 3 ' 
Mascall,’® no case was labeled as gonorrhea unless and until pathologic 
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tests proved the presence of the gonococcus; clinical observations alone 
were considered insufficient. Cultures produced the highest number 
of positive results (66.8%)., The value of the gonococcus complement- 
fixation test is second (58.6%), but the corrected figure when the latest 
technique is used, places this test first with 79.6% positive results. 
It has a definite place among the diagnostic methods of gonorrhea; 
but the clinical history and condition must be carefully considered 
when interpreting the results. In many cases it is indispensable as 142 
cases (20.8%) were discovered which othenvise would not have had 
their true nature revealed. Smears alone, even when stained with 
Gram’s stain, give poor results (45.4%), which is even worse if only 
methylene blue is used. Whenever possible the tliree methods should 
be combined as the results from one method alone may not be depend- 
able. 


Gonorrheal Vulvovaginitis in Children. — Schauffier and Kuhn^"* state 
that the gonococcus requires a “harbor of infection” for its growth and 
the development of its pathogenic characteristics. In exposed locations 
it becomes impotent and perishes. Only in the deep recesses such as 
the glands of Skene and Bartholin, eervical glands or the plicse of 
the tubes does this organism find its ideal habitat. Its pathogenic 
action on the genital apparatus of children is not due to changes in 
bacteriologic properties or low resistance of the invaded tissues, as has 
often been stated, but is due to mechanical and developmental differ- 
ences between the immature and the mature female genitalia. Since 
tlie rudimentary Skene’s and Bartholin’s glands of immature individuals 
offer no harbor of infection it is not to be expected that infection of 
clinical importance will occur. Similarly the immature endocervix is 
practically never infected by the gonococcus because the cervical 
glands are not present in a form to harbor the organisms and on this 
account a high degree of immunity is granted to the endometrium and 
Fallopian tubes. On the other hand the eontraeted rugose vagina of 
the immature individual constitutes an ideal harbor of infection and 
explains the occurrence of a primary vaginitis as the most usual mani- 
festation of gonorrhea in the immature individual. In the adult, the 
distention and flattening of the vaginal wall with the frequent intro- 
duetion of bacteria entirely alters tlie conditions favorable to the devel- 
opment of this organism. From this it may be seen that the most 
effective means of treating gonorrheal vaginitis in children is achieved 
tlu’ough the use of a relatively firm ointment base, injected by a tech- 
nique which insures the production of sufficient intravaginal pressure 
to cause the invasion of the ointment into every crypt and corner of 
tlie rugose vagina. They advise the use of 1% silver nitrate incorpor- 
ated in plain anhydrous lanolin. The ointment should not be warm 
as its quality of firmness facilitates distention of the vagina with the 
use of mild intravaginal pressure. Furthermore it is more easily and 
eompletely retained if cold and has the highest possible affinity for 
fluids, which makes it a highly effective vehicle for earriung the anti- 
septic into the moist vaginal wall, in contrast to the usual petrolatum 
base which is repulsed by moisture. This artiele is illustrated by 
Roentgen ray pietures which are very convincing as to the length of 
time such an ointment will remain in tlie vagina. (Years ago Gellhorn 
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of St. Louis suggested tlie employment of 1% silver nitrate in a more 
or less solid base and reported good results from same. IModerately 
good results from this treatment have also been secured by one of the 
editors — C. C. N.) 

In contrast to the above comparatively simple treatment, Petersoid® 
details the method wliich he has found to be efficient. A 1 to 1000 solu- 
tion of acrifla\dn hydrochlorid is injected into the urethra until tlie 
urine is repeatedly free from pus. The entire \mlvar mucous membrane 
is painted \vitli a 2% solution of mercurochrome and then tlie vagina 
is filled with an ointment of 1% mercurochrome in equal parts of vaseline 
and lanolin and a light pad and T bandage is applied to retain the oint- 
ment. A hot sitz bath is given dailj'' for 15 to 20 minutes and the pelvis 
is baked in carbon lamp appliances from f hour to 1 hour dailJ^ Potas- 
sium permanganate douches (1 to 10,000) are given if the discharge is 
excessively purulent or offensive. Silver nitrate is applied to the 
uretJira and vagina tivice a week after the first month’s treatment. 
The hymen is incised when necessary to procure efficient drainage. 
The cervix is inspected through an endoscope and when found to be 
affected is treated ndth a 2% solution of acriflaidn, 5% mercuroclnome 
or from 2 to 5% solution of silver nitrate. After a month of routine 
treatment gonococcus mi.xed vaccine is given in 4 injections; fii-st dose, 
0.15 cc.; on 3d day, 0.2 cc.; on 6tli day, 0.25 cc.; on 10th day, 0.3 cc. 
Cod-liver oil is given 3 times daily during the winter months. When 
3 or 4 smears are negative for pus as well as for Gram-negative cocci 
tlie children are put under observation for 2 or 3 weeks, during which 
time tliey are examined every other day until discharged from the 
hospital after wliich tliey are examined every 2 weeks for 2 to 3 months. 

Wiile practically all types of treatment of this disease are based 
upon the use of local antiseptic applications in one form or another, 
a radically new metliod of treatment has been suggested bj'- Lewis'®. 
It is generally conceded that the gonococcus is a highly selective organ- 
ism able to e.xist only in certain tissues. Furtliermore imlvovaginitis 
subsides before the changes of puberty have converted the delicate 
thin layered epitlielium lining the child’s vagina to the tliicker structure 
of the adult, in fact, primary infection of tlie adult vagina is either 
extremely short-lived or non-existent. • With these facts in mind the 
thought occurred to liim tliat if one were able to change the character 
of the epithelial lining of the child’s vagina, one might reasonably hope 
to destroy the invading gonococcus by making its habitat unfavorable. 
Accordingly he began to treat cliildren haidng gonococcus vaginitis with 
theelin, the female sex hormone wliich is responsible for the sex develop- 
ment of the female at the time of puberty. The treatment has been 
carried out on S cliildren with tjqiical severe vaginal infections. No 
other form of treatment was employed while theelin was being given. 
The imlvar surface only was sponged with salt solution when it became 
fouled witli vaginal secretions. Four of tlie patients presented them- 
selves with recent untreated infections, the remainder gave liistories 
of a gonorrheal vaginitis of from 6 to 20 months’ duration. In none 
of these had treatment been given during tlie 3 weeks preceding the 
administration of theelin. No local irritation resulted from tlie admin- 
istration of theelin nor were there unfavorable general sjTiiptoms. 
The children receiving larger amounts of theelin exliibited hypertrophy 



GYNECOLOGY AND OBSTETRICS 


583 


and increased vascularity of the labia majora and minora and of the 
introitus which resembled the conditions found in the newborn child. 
In no case did uterine bleeding result from or follow the treatment. 
During hospitalization of the patients vaginal smears stained by Gram’s 
method were examined in some instances daily, in others every 3 or 4 
days. In the majority of the cases vaginal discharge ceased in 1 to 3 
weeks after treatment was instituted. At the conclusion of treatment 
the discharge was absent in all 8 cases and smears were negative for 
gonococci. Desquamation of epithelial cells in large numbers was 
usually found in 7 to 21 days, in several instances being so great that 
cheesy or scaly plugs were extruded from the vagina. In tlie earlier 
cases a bit of the lateral wall of the vagina, 3 to 4 cm. above tlie hymen 
was removed for microscopic examination before and after theelin 
injections. For tliis purpose a miniature tonsil pimch was introduced 
through a peculum, a procedure which caused little pain and proved 
harmless. Normal control sections were also obtained at autopsies from 
the vaginas of cliildren of different ages. The normal child’s vagina 
is lined with delicate squamous epitlielium 4 to 6 layers in depth. In 
contrast, the injection of theelin induces in 10 or more days an enormous 
thickening of the epithelium, there being from 25 to 35 or more layers 
of vacuolated cells superimposed upon the basement layer. He has 
found that small doses of theelin given at short intervals are more 
efficient than larger doses given infrequently and he plans to test the 
effect of frequent oral administration of the hormone so as to develop 
a method of tlierapy more suitable for use in the home. He particularly 
emphasizes that until the proper dosage of the hormone and the possible 
deleterious effect of its administration is understood, it should be em- 
ployed with caution. In his work all tlie patients received daily either 
1, 2 or 3 hypodermic injections of 50 rat units of theelin in the arm 
or leg. 

Tills work of Lewis has been corroborated by Brown” who treated 
7 patients who had been receiving other forms of treatment vdthout 
results 2 or 3 times a week, for months and years. He gave daily doses 
of tlieelin varying from 50 to 100 units. The smears became negative 
in 10 days in half the cases and were negative in all of them by the end 
of 30 days. He also found that none of the cliildren had vaginal bleeding 
nor any constitutional reactions, while in only 1 did he notice any 
marked turgescence of the labia and very slight enlargement of the 
breasts, that child being the youngest in the series and had received 
the largest number of injections as well as the largest total amount of 
theelin. These results, wliich seem to be based on sound biologic 
principles, offer the hope that this distressing disease may soon be 
conquered by a relatively short and simple form of treatment. 

Vulvovaginal Diphtheria. — According to the literature as reviewed 
by Wallfield and Litvak^® luilvovaginal diphtheria in children is rare 
but should be considered as serious an involvement as the faucial or 
pharyngeal forms. The clinical picture varies from a mild infection 
to one of a severe nature with cutaneous gangrene. A gray membrane 
may form on the inner surfaces of the labia and extend from there to 
the surrounding structures. All the tissues involved are red, swollen 
and extremely painful. A fetid vaginal discharge may be present and 
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tlie inguinal glands are swollen and tender. Small ulcerations ma^' 
remain for some time after the disappearance of the membrane. All 
cases have marked dysuria and pain on walking or mo\’ing the legs but 
there may be no fever. Toxin absorption seems to be slower from the 
yagina. Local treatment does not seem to hasten negative cultures 
and it is debatable whether it is of any benefit, although general hygienic 
cleaning is permissible. They report a case with extension of the mem- 
brane across the perineum to the anal region which was treated with 
antitoxin 20,000 units intramuscularly and 10,000 units intravenously. 
Although positive cultures were obtained from the nose, throat, vulva, 
vagina and anal regions, rapid healing of all lesions followed serum 
therapy. F. B. B. 
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COOPERATIVE CLINICAL STUDIES IN THE TREATMENT OF 

SYPHILIS. 

One of the most outstanding contributions to the field of syphilology 
in recent years has been a cooperative study originally undertaken by 
the health section of tlie League of Nations in which five American 
clinics participated in an investigation of a study of treatment results 
in early s.iTihilis and in sj^philis associated with pregnaney. These 
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clinics have extended the original study to include a retrospective 
inquiry into the results of treatment in various other aspects of syphilitic 
infection. The clinics and their directors were: the University of 
Michigan (Udo Wile), the Mayo Clinic (Paul O’Leary), Western 
Reserve University (H. N. Cole), the University of Pennsylvania 
(J. H. Stokes) and the Johns Hopkins University (J. E. Moore), in 
association with tlie United States Public Health Service (Dr. Thomas 
Parran, Jr., and subsequently Dr. Taliaferro Clark, Assistant Surgeon 
Generals in charge of the Division of Venereal Diseases, and Lida J. 
Usilton, Associate Statistician). 

The expense of the undertaking was borne by a generous grant from 
an anonymous donor and subsequently by the Milbank Memorial 
Fund and the United States Public Health Service. The accumulated, 
pooled clinical material approximated 75,000' records of patients 
treated for syphilis and, while individual directors were responsible 
for the study of certain phases of the problem and for the conclusions 
reached in their individual studies, all data were submitted to the entire 
Group for reAusion and approval prior to publication. All patients had 
been treated by relatively modern methods and had to be under observa- 
tion and treatment for not less than 6 months to be included. The aims 
and plan of the investigation are discussed in detail in Venereal Disease 
Information, 13, 135, 1932. It will not be possible to abstract here all 
the conclusions reached in a study approaching monographic propor- 
tions so far published, but an attempt will be made to summarize tlie 
most. 

Early Syphilis, Clinical Manifestations and Diagnosis. Stokes as 
spokesman for the Groups has reviewed a material of 3244 cases of 
early syphilis including 342 patients with seronegative primary, 585 
with seropositive primary, 2252 in the early secondary phase (lesions 
developing within the first year of infection) and 65 with late secondary 
syphilis (lesions developing after the first year). It was found that 
positive darkfield examinations were obtained in 94.4% of seronegative 
primary sypliilis; 90.7% of the genital lesions of secondary syphilis in 
which a darkfield examination was made; 85.6% in mouth and throat 
lesions, and 79.3% in cutaneous lesions, including condylomas. Dark- 
field equipment can therefore be advantageously used m the diagnosis 
of secondary lesions. Of the total of 3244 early syphilis patients, 10.5% 
appeared in the seronegative primary stage; 70.4% in the secondary 
stage with positive blood Wassermann reaction. The blood Wasser- 
mann reaction was negative in secondary syphilis in 1% of patients. 
Alopecia is more frequent in w'hite females than in w'hite males; twice 
as frequent in the white as in the colored females. Mucosal secondary 
lesions other than condylomas are 10% more common in wiiite than in 
colored patients. Condylomas are more frequent in w'omen than in 
men. Colored females stand much higher than any other type in this 
particular; suppression of infectiousness in the colored woman is there- 
fore especially important. 

Neurosyphilis w'as clinically recognizable in 1.7% of 2269 patients 
with early secondary syphilis before treatment was begun; in all cases, 
an acute syphilitic meningitis witli or without cranial nerve palsies. 
This tjqje of neurosjqihilis yields readily to treatment. Of 1747 patients 
with spinal fluid tests, the fluids were completely normal in 67.3%; 
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abnormal in 32.7% %\ntliout reference to the time of the secondary 
period at which the test was done. The increased cell count is the most 
frequent abnormality; a specific warning against the practice from the 
interpretative standpoint of reporting only the Wassermann test on a 
spinal fiuid. Early asymptomatic neurosyphilis as indicated bj’' cerebro- 
spinal fluid examination regardless of time performed or pre\dous treat- 
ment occurs in 23.8% of seronegative primary, 29.8% of seropositive 
primary, 34.1% of early secondary, and 56.1% of late secondar 5 ’’ 
patients. There is a definite relationsliip between spinal fluid abnor- 
malitj'^ and tlie blood Wassermann reaction; the more marked the 
fluid abnormalities, the more likely is the blood Wassermann to be 
positive. More tlian 40% of those whose fluids show a positive Was- 
sermann test, among otlier abnormalities, are Wassermann fast. The 
failure of the blood Wassermann reaction in early sjq)hilis to respond 
in tlie first 6 montlis of treatment is an intimation of the presence of 
asymptomatic neurosjqjhilis. 

Of the 3244 patients, 2.8% had eye complications on admission. 
Iritis and uveitis form 73.3% of tlie eye complications; neuroretinitis, 
11.1%; keratitis, 11.1%. Colored patients present eye involvement more 
than 3 times as frequently as white patients, and females have eye 
lesions oftener than males in both races. 


Results of Treatment- in Early Syphilis. Stokes^ found that in a 
group of 2889 patients with early sjqihilis satisfactory results, including 
“ cure,” are obtained in the following proportions of cases, dependent 
on the stage of the disease at wiiich tlie treatment is begun: Sero- 
negative primary, 27.5%; seropositive primary, 23.2%; secondary, 
first year, 18.4%; secondary, delayed, 29.2%. Tliis represents a superi- 
ority of curative outlook of about one-tliird wiien treatment is begun 
in the seronegative primary stage. Relapse and resistiveness to treat- 
ment are also less marked in patients beginning ti’eatment in the sero- 
negative primary stage: 13.2%, as compared with 27% in seropositive 
primary sypliilis, 27.8% in secondary sjqiliilis, and 40% in delayed 
secondary syphilis. 

From tlie material the statement can be made with almost axiomatic 
force that continuous treatment, wiietlier prolonged or brief and 
practically regardless of the drugs used, is superior in its results to 
intermittent or other schemes of treatment. Continuous and inter- 
mittent treatment are in their turn both superior to so-called “inten- 
sive” treatment (very short arsphenamin courses); and irregular 
treatment stands throughout the studies as inefficient, productive of 
relapse and progression, fixed positive serologic tests and unsatisfactory 
treatment outcomes. At certain points, intensive is little better than 
irregular treatment. Among cases treated ivith arsphenamin alone, 
the continuous method secured the reversal of the blood Wassermann 
reaction by the end of a year in 91.2%, whereas the intermittent scheme 
of treatment, with arsphenamin alone and rest intervals of a month or 
more, secured only 58.5% of reversals, and irregular treatment wdth 
arsphenamin alone secured only 9.3% of Wassermann reversals to 
negative witliin a year. 

There is a definite relationship betw'een resistant positive serologic 
tests and tlie tendency to clinical relapse. The total of relapses in 
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patients always negative or reversed to negative within the first year 
is only 22.5%, as compared witli 48.1% in patients whose tests 
showed delayed reversal. This statement holds good for any scheme 
of treatment and for each type of relapse. Sixty per cent of patients 
undergoing permanent serologic reversal to negative under treatment 
do so in less than 6 months, and 40% in more than 6 months. In the 
vast majority of cases, failure to secure satisfactory serologic results 
lies at the door of the rest interval or irregular treatment, rather than 
any peculiarity of disease or patient. 

The factors underlying the fixed positive Wassermann reaction 
include (1) the stage of the disease at which treatment is begun, diffi- 
culty being experienced much more frequently in seropositive primary, 
secondary and delayed secondary cases than in seronegative primary 
cases; (2) the occurrence of lapse from treatment from whatever cause. 
The effect of treatment on tlie spinal fluid findings is as follows : Slightly 
abnormal spinal fluids (cell count above 6, increased globulin) is good, 
whether treatment be much or little. A much greater resistance attaches 
to greater degrees of abnormality, including the presence of the paretic 
formula, Avhich type of fluid is much more diffieult to reverse than any 
other markedly abnormal fluid. Of the total number of patients 
examined, 1.3% proved to have irreversible spinal fluids (42 cases), 
which is 5.8% of the 730 abnormal spinal fluids. 

Early mucocutaneous relapse occurred in 15% of those who received 
little arsphenamin (that is, 19 or less injections) and in only 2% of 
those who received 20 or more injections. Central nervous system 
syphilis is almost 3 times as common in those who received little as in 
those who got much arsphenamin. Late sj'philis as relapse, excepting 
cardiovascular syphilis, is entirely absent from the “much arsphenamin” 
group. Progression in the cardiovascular system, however, occurs 
approximately as frequently in those who receive much as in those who 
receive little treatment. No e\ndence appears from the statistical 
analyses that mass of treatment is in any way injurious to the patient 
with respect to the outcome of his infection. 

Continuous treatment with arsphenamin in preference to neoars- 
phenamin is the optimum procedure. The weaknesses of neoarsphen- 
amin from the standpoint of its ability to bring about serologic reversal 
are in part compensated by the use of a heavy metal, and the disparity 
between the two drugs tends to disappear as the treatment becomes 
intermittent or irregular. Neoarsphenamin cannot, however, be rated 
as an ineffective drug. Comparisons between arsphenamin-mercury 
and arsphenamin-bismuth treatment disclose the latter as the more 
effective in ultimate results, mucocutaneous relapse occurring in 9.6% 
of cases with arsphenamin-mercury and 3.6% of cases with arsphena- 
min-bismuth. Within the first -3 months of treatment the percentage 
of patients securing Wassermann reversal is practically identical with 
both bismuth and mercury, whether used with arsphenamin or neo- 
arsphenamin, but with longer treatment (4 to 12 months) there appears 
to be a distinct advantage for bismuth over mercury with either ars- 
phenamin or neoarsphenamin (41.5% reversals with arsphenamin- 
bismuth versus 29.7% with arsphenamin-mercury, and 39.8% for 
neoarsphenamin-bismuth versus 33.1% for neoarsphenamin-mercury). 

Serologic resistiveness is a definite indication of early relapse of a 
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secondary type (mucocutaneous or ocular), for there were 25.5% 
relapses of this type among 12S2 patients who were serologically resist- 
ant, as compared with 5% of 1962 patients with a more satisfactory 
Wassermann response. The tendency to relapse is vastly increased by 
intermittent or irregular treatment, witli rest periods voluntary or 
involuntary; and the serologic resistance of the case is an indicator of 
relapsing tendencies. Relapse is more frequent in younger than in 
older patients. The notably greater tendency to mucocutaneous 
relapse when treatment is begun in seronegative primary stage demands 
increased, not decreased, treatment, or so-called “abortive cures,” at 
this stage. With respect to complications of treatment in early syphilis 
appraised on a time-treatment basis, reactivity is liigh where much 
heavy metal is employed. It is not greatly increased even by vigorous 
arsenical treatment. 

Although neoarsphenamin has the reputation of being less reaction- 
producing than arsphenamin, the proportion of serious to total reac- 
tions with the two drugs in this study stand as 13.4% for arsphenamin, 
as compared with 22.0% for neoarsphenamin. 

The Treatment of .Latent Syphilis. Moore^ was appointed by the 
Group to review the records of 1936 patients with latent syphilis 
(clinically non-recognizable sjTihilitic infection), the diagnosis resting 
on a positive serologic test or a clean-cut history of infection inade- 
quately treated. The most noteworthy recent clinical advances in 
this field are the exclusion from the diagnostic category of latency, of 
patients mth early cardiovascular syphilis (simple aortitis), and of 
patients witli asymptomatic neurosyphilis by means of routine spinal 
fluid examination. A negative spinal fluid in a patient vdth latent 
syphilis is a practical guaranty against the subsequent development of 
neurosypliilis (excepting a more or less purely A’^ascular involvement). 

The aim of treatment in latent syphilis is to increase the probability 
of “cure” or “arrest,” and to decrease the probability of clinical pro- 
gression or relapse, over the probable result if no treatment is given. 
In addition, treatment aims at the control of the potential infectiousness 
of the latent sjqihilitic. Of the patients with latent syphilis, 50% of 
white males, 70% of white females, 80% of negro males, and 90% of 
negro females had never received any treatment prior to admission. 
Less than 2% had received anything resembling adequate modern 
treatment. This, in part, is attributable to the factor of symptomless 
infection witli sjqihilis, and in part constitutes a serious reflection on 
current medical practice in the treatment of early sjqihilis. 

An analysis of clinical results as compared to the plan of treatment 
employed suggests that continuous treatment, especially if it includes 
large amounts of hea\y metal, offers a sliglitlj'^ better chance of satis- 
factory results than intermittent treatment, and that the intensive 
plan of arsphenamin administration (daily injections) is productive 
of a greatly increased incidence of Wassermann fastness. A special 
analysis of continuous versus intermittent treatment indicates that in 
early latency continuous treatment is as essential as in early syphilis; 
in late latency this is no longer so imperative and rest periods probably 
do no harm. An analysis on the basis of the amount of treatment 
administered suggests that in latent syphilis maximum results are 
obtained with about 20 injections of arsphenamin combined with large 
amounts of heavy metal, the latter prolonged over long periods of time. 



DERMATOLOGY AND SYPHILOLOGY 


589 


When results are compared on the basis of the total duration of> 
observation, it appears that the natural tendency of latent syphilis is 
toward spontaneous “cure,” and that this tendency is markedly 
enhanced by treatment. If the results in the treated patients followed 
for 10 or more years are contrasted with the hypothetical outcome in 
untreated patients wdth latent syphilis, the probability of a satisfactory 
outcome (“cure” or “arrest”) has been increased from 35 to 85%, the 
percentage of Wassermann positive but clinically quiescent cases 
reduced from 35 to 7.5%, and the probability of clinical progression 
or relapse reduced from 20 to 30% to 2 to 5%. This gain is certainly due 
to treatment. The clinical outcome is better in early than in late 
latency (satisfactory results 50.8% as compared with 33.7%), and in 
both groups better when the patient was seronegative on admission 
(usually as a result of previous though inadequate treatment) than 
when the blood Wassermann was positive. Distinctly better clinical 
results were obtained in females who were pregnant during or after 
treatment than in females never pregnant. The occurrence of suggestive 
but not diagnostic signs of cardiovascular or central nervous system 
involvement in patients with latent syphilis does not appear to carry 
a greatly increased hazard for the patient. 


Clinical Progression and Relapse, Wassermann Fastness and Death. 
Moore further states'* that 94 patients of the total 1936 with latent 
sjq)hilis were observed to develop clinical relapses. The types of relapse 
observed were: Early infectious relapse in 16; late cutaneous, mucosal, 
ocular, or osseous lesions in 15; cardiovascular syphilis in 31; neuro- 
syphilis in 30; and visceral (hepatic) involvement in 5. Negroes are 
much more liable than whites to develop late relapses in skin, mucosa, 
eye, or bones. Males are much more liable than females to develop 
early infectious relapse. Of all relapses 72% occurred after 19 or less 
injections of arsphenamin. Cardiovascular syphilis is the only form 
of progression or relapse whose incidence is not markedly reduced by 
the administration of 20 or more injections of arsphenamin. An analysis 
of early infectious relapse suggests that the plan of treatment for early 
latency ought to be identical with that for early primary or secondary 
syphilis, and that the total duration of treatment should be as great. 

Approximately 30% of all patients witli latent syphilis have irrever- 
sibly positive blood Wassermann reactions. The incidence of Wasser- 
mann fastness is slightly greater in patients receiving 19 or less injec- 
tions of arsphenamin (32.6%) than in those recei\ung 20 or more. It 
is more common in late than in early latency, in whites than in negroes, 
and in .non-pregnant than in pregnant women. It is suggested that the 
natural tendency of Wassermann-fast patients is toward the spon- 
taneous development of serologic negati^dty. Of 26 known deaths 
among 1936 patients with latent syphilis, only 5 were attributable to 
sjq)hilitic infection or treatment for it. 


The Course of the Blood Wassermann Reaction in Treated Latent 
Syphilis. Moore and his associates^ conclude that the Wassermann 
response to the first course of arsphenamin in late latent sj’philis is 
much slower than that obtainable in early s^qjhilis; in early latency it 
is intermediate between the two. The rate of reversal of the blood 
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Wasserraann is in direct relationship to the duration of infection. With 
the Wassermann technique employed, Wassermann reversal is secured 
by a 6 to 8 injection course of arsphenamin in 85% of patients with 
early syphilis, in 34% of those wMi early latency, and 24% of tliose 
with late latency. 

The composite Wassermann curves of patients witli latent syphilis 
under prolonged continuous treatment (4 courses of arsphenamin over 
a period of about a year), as compared vdth a similar group of patients 
with early syphilis, indicates that in latency almost all of the serologic 
response to be expected occurs within the first 4 months of treatment; 
further treatment has little effect from the serologic standpoint. Com- 
posite curves of patients treated continuously are compared vdth those 
of a similar group treated intermittently in early syphilis, and in early 
and late latencJ^ These show that, from the serologic standpoint, 
continuous treatment in early syphilis is essential, in late latency 
unnecessary. Early latency occupies an intermediate position. 

The existence of a provocative Wassermann in latent syphilis is 
confirmed. Its character differs from that of the provocative Wasser- 
mann in early syphilis, in that its rise is slower and less pronounced but 
longer sustained. 


A Critical Analysis of 157 Cases of Cardiovascular Syphilis. Wile, 
utilizing material studied in the Um’versity of Miclugan clinic'* consist- 
ing preponderantly of males, points out that there were 30 cases of 
uncomplicated syphilitic aortitis, 19 of aortitis vdth heart failure, 73 
of aortic regurgitation and 35 of aortic aneurysm. The average dura- 
tion of infection before cardiovascular involvement was approximately 
15 to 20 years. The Wassermann reaction was positive in 73% of 
patients with aortitis and heart failure and in 96% with aortic regiu-gi- 
tation. Spinal fluid examination in 38% of the total group was positive 
in from one-fourth to one-half of the cases. 

Dyspnea was the outstanding symptom in all cases. The physical 
findings in tlie cases of uncomplicated syphilitic aortitis were more 
or less limited to accentuated aortic second sound, increased retro- 
manubrial dullness, enlargement on percussion and systolic murmur. 
In aortitis with heart failure, the most frequent physical findings were 
enlargement on percussion and edema. The Roentgen ray findings 
showed a positive and presumptive evidence of aortitis in 67% of the 
uncomplicated syphilitic aortitis group, 73% of the aortic regurgita- 
tion group and 90% of the aortic aneurysm group. From 14 to 37% 
of tlie cases had received some antisypliilitic treatment prior to the 
onset of the cardiovascular involvement, but there were practically 
none which satisfied the present standard of adequate antisyphilitic 
treatment. 


Arsenical Reaction. Cole’s*^ review of the problem of arsenical 
reactions leads him to tlie following conclusions. Among a total of 
177,360 injections of arsenical salts, the relative frequency of reactions 
was 15 per 1000, 13 of which were mild and 2 severe. Mild reactions 
observed, in tlie order of their frequency, were gastro-intestinal, nitri- 
toid, slight skin eruptions, pruritus, and transient kidney irritability. 
Severe reactions observed, in the order of their frequency, were icterus, 
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crustaceous dermatitis, ocular damage, hemorrhagic purpura, and a 
few instances of aplastic anemia, hepatitis, and encephalitis. In early 
syphilis the rate for mild reactions was 3 times higher than for severe 
reactions. Severe reactions, however, showed their highest rate in 
primary syphilis, followed by a lessened incidence in secondary and 
latent syphilis. Mild arsenical reactions were noted more than twice 
as often in females as in males in both colored and white, while severe 
reactions were seen more frequently in the whites without regard to 
sex. Mild arsenical reactions were more common in the early years of 
life, while severe types seemed to increase as the patients got older. 

For mild reactions the rate per 1000 injections was practically the 
same for old arsphenamin and neoarsphenamin, somewhat lower for 
silverarsphenamin, sulpharsphenamin, and bismarsen. The incidence 
of severe reactions following sulpharsphenamin was 3.5 per 1000, a 
higher rate than that for arsphenamin or neoarsphenamin due to the 
proportionally high incidence of crustaceous dermatitis and purpura 
hemorrhagica. The rate per 1000 for tryparsamid was also high, 3.7, 
on account of ocular damage witli an incidence of 3.2. Severe reactions 
from old arsphenamin were no higher than from neoarsphenamin. 
Reactions of either a mild or severe type occurred with the greatest 
frequency during the first course of treatment and dropped off gradually 
with each succeeding course. Approximately 5% of the patients were 
susceptible to 2 or more arsenicals. Three of every 100 cases reacted 
to 2 arsenical salts, 10 of every 100 reacted to 3 salts, 15 of every 100 
reacted to 4, and in a final liighly susceptible group 1 of every 4 patients 
reacted to as many as 5 different arsenical preparations. The best 
measure found to prevent reactions was to postpone further arsenical 
treatment at least a month, preferably 3 to 6 months. Changing the 
type of arsenical salts was the next best preventive measure, and lower- 
ing the dose was the third. 

Among the deaths there were 8 cases of hemorrhagic encephalitis, 
2 of toxic hepatitis (liver atrophy), 2 of aplastic anemia with purpura 
hemorrhagica, 1 of agranulocytic angina, and 4 of dermatitis exfoliativa. 
Two of the cases of encephalitis and 1 of the patients with toxic hepa- 
titis also had dermatitis exfoliativa, thus hemorrhagic encephalitis and 
dermatitis exfoliativa were the two most frequent complications of 
arsenical therapy of syphilis resulting in death. The fatal instances of 
encephalitis and of dermatitis exfoliativa came after only a few doses 
of an arsenical, and usually in cases of early syphilis. The proportion 
of fatal accidents was far higher after sulpharsphenamin than after 
any of the other arsenical preparations. 

Cole® has likewise reviewed the problem of syphilis in pregnancy. 
The conclusions are so numerous and important that space does not 
permit inclusion in this review. This phase of the cooperative clinical 
study deserves special study hnwever by all obstetricians. 

Standard Treatment Procedure in Early Syphilis. Stokes has sum- 
marized the principles underljdng the present-day management of 
early syphilis.® These articles are so replete with pertinent details 
that they do not lend tliemselves well to abbreviation and should be 
read by all physicians who attempt to treat the disease in the most 
critical stage of its evolution from the standpoint of the individual as 
well as the public health. 
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Tlie autliors emphasize tliat tJie modern system for tlie treatment of 
early syphilis must be continvo 2 is; it must employ an arsphenamin and 
bismuth, the latter intramuscularl 5 ''; it must call for not less than 20, 
and unless special resistiveness is encountered, hardly more than 30 
injections of the arsphenamin; and in accordance with the principles 
generally recognized in the treatment of the disease, the system should 
call for continued treatment wtli heavy metal for 1 .year after all 
symptoms and signs of the disease have disappeared. In order to deter- 
mine this end point, blood tests should be taken at least at the beginning 
and end of each arsphenamin course and the patient should be warned 
of the lack of significance of the negative report from the standpoint 
of the schedule. Weak positives, after a negative has appeared, should 
be taken as seriously as strong or fully relapsing positives. A spinal 
fluid examination with Wassermann, ceil count, protein estimation, and 
colloidal gold test should be made before the end of the arsphenamin 
phase of treatment or the introduction of any rest period (none to be 
allowed until after the first year). It is understood that such a system 
can be carried through only witli adequate tolerance on the part of the 
patient, and this tolerance should be conserved in every possible way. 
If it fails, the case becomes one for consultation. The same system 
should be employed whether treatment is begun in the seronegative 
or seropositive primary, or the secondary stage. 

All the above articles represent a monographic cooperative effort 
in syphilology ^yl^ich is a noteworthy achievement in American medicine, 
and are deserving of critical studj’^ by all physicians who attempt to 
treat sjqihilis. V. C. G. 
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In the differential diagnosis of diseases of the hematopoietic 
system the spleen justly receives a great share of attention. The 
relative size of the spleen is of comparatively little diagnostic value 
in the differentiation between Ijnnphadenosis and myelosis, although 
it is true that the a^'^erage weight is far greater in the myeloid type 
of hjT>erplasia. Individual cases of leukemic or aleukemic Ijmiph- 
adenosis, however, not infrequently present great degrees of spleno- 
megaly. Enlargement is valuable for the differential diagnosis 
betiveen aleukemic hyperplasia (true pseudoleukemia) and tliose 
atjqiical, more neoplastic proliferations of the lymphatic and mye- 
loid system, such as Ijonphosarcomatosis, which also run aleukemic 
courses. The spleen in lymphadenosis, as a rule, presents a diffuse 
infiltration of hematic cells; for this reason cut surfaces of the organ 
likewise differ from those found in Ijnnphosarcomatosis. In Ijnnpho- 
sarcomatosis, if the spleen is affected, it is mottled by scattered 
circumscribed nodules up to hazelnut size. These lesions are 
regarded as hematogenous metastases. Their sharp definition and 
striking white color differentiate them from the splenic infiltration 

* This and the following 4 papers formed part of a round table conference on 
certain diseases of the hematopoietic system, held at the Memorial Hospital, in con- 
nection ivith its fiftieth anniversary celebration. May 25, 19.34. The fifth paper of 
the sjTnposium, by Dr. Elise S. L’Esperance on "Role of the Tubercle Bacillus in 
Hodgkin’s Disease, Ljunphosarcoma and Leukemia,” will be published later. 
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of Hodgkin’s disease. The well-known porphyry spleen is often a 
useful touclistone for the recognition of Hodgkin’s disease in the 
gross, yet it should be remembered tliat in some cases of the disease 
the spleen may escape involvement entirely or may even present a 
diffuse enlargement which is neither macroscopically nor micro- 
scopically t^^3ical. 

The microscopic appearance of the spleen generall.y conforms 
to the macroscopic. The detailed histologic characteristics of the 
different forms are no doubt well known to everyone present today. 
It is not amiss to mention, however, that the cellular infiltrations 
of myeloid leukemia may consist of other bone marrow cells as well 
as myelocytes and their precursors. In rare instances there are 
large numbers of megakaryocytes and erjThi’oblasts. The differ- 
ential diagnosis between lymj)hatic and microniyclohlasiic leukemia 
may likewise cause difficulty. The clarification of such cases 
usually depends on detailed cytologic investigations, preferably of 
splenic spreads. In acute leukemia, especially in infancj^ the 
immaturity of the infiltrating cells may make classification impos- 
sible. The topographic distribution of the cells may likewise fail 
as a criterion, since the Malpighian corpuscles— the chief landmark 
—are often obliterated. Cases of this sort are best designated 
hemocytoblastic or stem cell leukemia. 

The classical publications of Drexler, Kundrat, Sternberg, and 
Reed seemed to have classified the generalized diseases of the 
hematopoietic mesenchyme for all eternity. But the years have 
brought increasing numbers of atjqjical cases, and at the present 
time even such authoritative pathologists as hlallory and Warthin 
would abandon the rigid classifications of our predecessors. The 
Unitarian view now demands serious consideration. The clue is 
possibly in the spleen and I shall, therefore, invite you to consider 
first the relative positions of hmiphadenosis and lymphosarcomatosis. 

This question is not a new one. Without discussing in detail 
the neoplastic aspect of leukemia, it may be sufficient to repeat 
that recent experiments 'suggest a close genetic relation between 
leukemia and lymphosarcomatosis. <^r human pathology the 
term leukosarcomatosis was devised bW Sternberg to segregate 
those cases which manifest a marked aggressive tendency of the 
cellular proliferation in addition to a leukemic picture. Although 
this nomenclature might seem to imply a relation of leukemia and 
lymphosarcomatosis, Sternberg actualty emphasized a strict sepa- 
ration of these disease groups. Kundrat, however, had observed, 
the transformation of aleukemic hmiphadenosis into hunpho- 
sarcomatosis. j 

Another liuic between Ijunphadenosis and liunphosarcomatosis is 
supplied by the cases of giant follicular h^qierplasia of the lymph 
nodes and spleen, originally described by Brill, Rosenthal and 
Baehr.* While early phases here resemble aleukemic lymph- 
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adenosis, necropsy years later presents evidence of tumor formation 
of lymph nodes and invasion of neighboring structures, precisely as 
in lymphosarcomatosisv In only a few cases Avas the spleen exam- 
ined during the early hyperplastic phase of the process. The organ 
was greatly enlarged, the cut surface was dotted with innumerable 
nodules composed of small and large lymphocytes around^ the 
follicular arteries and their ramifications. This appearance differs 
from the familiar diffuse splenic infiltrations of Ij'mphatic leukemia, 
yet it is not rare in that dyscrasia (Bezan?on,^ Lubarsch, Figs. 136 
and 138^). It is interesting that 1 of the cases of follicular l;snnpho- 
blastoma developed a blood picture characteristic of chronic lym- 
phatic leukemia. At necropsy the spleen showed the appearance 
Avhich I have just described. All of tlie lymph nodes were found 
to be enlarged. They Avere discrete except in the pancreatic region 
Avhere infiltration of the capsule and adjacent areolar tissue Avas 
noted. In the other autopsied cases splenomegaly gradually dis- 
appeared before the fatal term of the disease. Microscopic exam- 
ination, hoAvever, shoAved that the Malpighian corpuscles were 
large and that considerable cell atypism Avas still present. 'In other 
respects, it may be reiterated, these latter cases conformed to the 
anatomic picture of lyinphosarcomatosis because of conspicuous 
aggressive tumor formation of the lymph nodes Avith infiltration 
of the neighboring organs. These observations suggest that the 
follicular IjTnphoblastoma represents a definite link bctAveen lymph- 
adenosis and lymphosarcomatosis. In the early stages of its CAmlu- 
tion the process is merely hj^perplastic, Avhile in the later stages it 
becomes atypical and aggressive. 

In classic lymphosarcomatosis, moreoA^er, 2 cases of a series of 16 
shoAved enlarged Malpighian corpuscles composed of atypical 
lymphoblasts with hj^rerchromatic nuclei. 

All such experiences point to a close affinity betAveen the siviple 
hyperplastic and the neoplastic proliferations of the lymphatic s.ys- 
tem. ^ This is eAudent e\"eu in the spleen, the appearance of Avhich 
has hitherto constituted one of the chief reasons for strict separation. 
It is necessary to state, hoAVCAmr, that the generalization of the cellu- 
lar proliferation militates against the rigid identification of either 
lymphadenosis^ or lymphosarcomatosis Avith the malignant neo- 
plasms. ^ Orth’s term, hemoblastosis, implying unlimited hematic 
cell proliferation, might serve to encompass Ijnnphadenosis and 
lymphosarcomatosis in a single domain. A 

The coordination of these morbid processes simplifies the com- 
parison with Hodgkin’s disease. A number of eminent pathologists 
include all 3 under a single category, basing this concept largely on 
microscopic evidence. This tends to undervalue the macroscopic 
evidence, and I, therefore, dissent from this belief. In my oum 
opinion the evaluation of an indiAudnal case is greatly dependent 
on the gross appearance of the spleen. WheneAmr the spleen is 
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involved in Hodgldn’s disease tlie alteration is macroscopically 
characteristic and can easily be differentiated from the splenic lesions 
observed in the hemoblastoses. Those splenomegalies of Hodgldn’s 
disease which are not characteristic, such as described by Jona and 
Torre,® which I have twice been able to verify, may be grossly 
indistinguishable from the enlargement in the hemoblastoses; but 
microscopic differentiation is assisted by tlie absence of hematic cell 
infiltration.^, The identification has been proposed not only because 
of clinical analogies but also because of an alleged transition from 
one tjT^e into the other. This transition is supposedly proved by 
changes found in repeated biopsies. Such proof loses validity when 
one recognizes that several Ijmiph nodes remo^'^ed simultaneously 
may often exhibit wide histologic variation. IMoreover, in a single 
biopsy it is not rare to encounter insurmountable difficulties in the 
differential diagnosis between reticulum cell sarcoma and the mono- 
tj'pic forms of Hodgldn’s disease. Such cases are clarified only at. 
necropsy, and the gross appearance of the spleen is sometimes 
decisive in the final diagnosis. In a previous publication® I have 
set forth the reasons why I believe that Hodgldn’s disease is essen- 
tially a granulomatous process. Today I shall only repeat that in 
both macroscopic and microscopic features the spleen of Hodgldn’s 
disease differs fundamentally from those of the hemoblastoses. 

finally, I should like to refer briefiy to the spleen in the so-called 
j^ulosis. (^his term refers to those cases in which the entire 
hematopoietic system is involved by proliferation of large cell forms 
of reticulo-endothelial origi^. The systematized lipoid histiocytoses 
(Gaucher’s and Niemann-Pick’s diseases) are related, but because 
of their chemical characterization are not included. The concept 
of reticulosis is not yet sharply delimited, and cases of apparently 
diverse pathogenesis have been included. For this reason the 
appearance of tlie spleen has not been found constant, both nodular 
and diffuse infiltrations having been described. Only a few of the 
cases have presented a proliferation of cells in reticular arrangement 
corresponding to the type of embryonal reticular mesenchyme and 
only such'cases should be dignified with the title of reticulosis. 
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IS TYPICAL HODGKIN’S DISEASE AN INFECTION OR A 

NEOPLASM?* 

By E. B. IvrujMbhaar, M.D., 

PROFESSOR OF PATHOLOGV, UNIVERSITY OP PENNSYLVANIA SCHOOL OF MEDICINE, 

PHILADELPHIA, PA. 

V^SE most important \aews as to tlie nature of Hodgldn’s disease 
ar^iat it is either: (1) An infection of unknown nature (lympho- 
granuloma) (German school, Longcope,t MacCallum, Symmers, 
etc.); (2) an atypical form of tuberculosis (Sternberg, TEsperance); 
(3) a lymphoblastoma (h'lallory, Warthin); (4) a megakaryocytoma 
(hhedlar); (5) a disease intermediate between infection and neo- 
plasm (Lubarsch, Le^dn). The proper nosologic position of Hodg- 
ldn’s disease is far from being, as some would have it, an almost 
wholl 5 '- academic question. 'The direction of fm'ther study, with 
eventual practical matters of diagnostic and therapeutic importance 
ob\dously are largely conditioned by one’s attitude to such noso- 
logic aspects. ^ 

Since Hodgldn’s description, 102 years ago, of a disease mth 
lesions in the "absorbent glands” (lymph nodes) and spleen that 
has since come to bear his name, the landmarks as to concepts of 
the nature of the disease may be roughly outlined as follows: 
Hodgkin himself paid little attention to its nature, other than to 
reject the idea of an acute inflammation. In fact, it is generally 
accepted that of his 7 cases at least 3 represented other diseases of 
the lymphoid apparatus (tuberculosis, syphilis and leukemia). In 
1864, Virchow^ included Hodgldn’s and Wilk’s meagerly described 
group nlth Ij^mphosarcoma— a nosologic beginning which has over- 
influenced future developments. One has but to read Virchow’s 
masterly pioneer lecture to realize that this particular statement 
should carry no weight today in a consideration of the nature 
of Hodgldn’s disease. Virchow ’s and Bennett’s” isolation of 

leukemia in 1845, Cohnheim assembled similar enlargements of 
lymph nodes vdthout the leukemic blood pictm-e into the group, 
“pseudoleukemia.” Hodgldn’s disease, like lymphosarcoma, fell 
into this group, without concern about its etiology; and it was not 
until 1893 that Kundrat^ segregated the now familiar lymphosar- 
coma in a j^stinctly different sense than the term Hodgkin’s disease 
conve 5 '-ed. yDesirable at one stage of progress, like “ splenic anemia” 
in anothei/ field, Cohnheim’s term “pseudoleukemia” seems now 
to have about reached the limit of its usefulness and be read 5 ^ for 
the discard. 

* Also presented at the Section of Pathology of the Am. Med Assn., Cleveland 
June 11. 

t As references to the extensive literature on Hodgkin’s disease are easily available 
in the summaries by Simonds® and Wallhauser,® many are not repeated here. 
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Toward the turn of the century, two contributions were made that 
continue to influence two of the chief schools of thought in this prob- 
lem.! In 1S9S, Sternberg'* regarded the condition as a peculiar form of 
tuberculosis, a ^^ew that has steadily found adherents and recently 
been supported by TEsperance’s*® production of a Hodgkin-like 
process with aHan tubercle bacilli from Hodgldn’s material. Wall- 
hauser® has listed 27 points of possible relationship between Hodg- 
kin’s disease and tuberculosis.^ 

V^ernberg'^ also began the^elineation of a characteristic histo- 
logic appearance, which, furthered by the descriptions of Reed,** 
Andrewes,® Longcope*® and others, has given at least one firm basis 
for classification. This picture is so well known that one need only 
refer to the main features of “endothelioid” cell hyperplasia, vdth 
characteristic Sternberg-Reed (and occasionally) Langhans giant 
cells, frequent eosinophils and other infiltrating cells replacing the 
normal lymphoid structure, with progressive fibrosis and often 
varying degrees of necrosis. If, as Warthin, who later became one 
of the chief advocates of the neoplastic theorjq originally suggested,** 
“it would appear wisest to limit the pathologic diagnosis of Hodg- 
kin’s disease to the chronic inflammatory type of Reed, Longcope, 
etc., until its etiologic nature is discovered,” then much confusion 
would have been avoided. Unfortunately, however, there has 
never been agreement on this point, and it must be admitted that 
many cases clinically diagnosed as Hodgkin’s disease fail to give 
this pictm'e. With biopsy material so easily available, and the 
increasing use of the biopsy method, it would seem obvious that 
the histopathologic report, unquestionably the most concise evi- 
dence available, should be made a paramount item in the clinical 
diagnosis, and only those cases diagnosed as Hodgldn’s disease that 
conform to the histopathologic requirements. Insistence on this 
point— of Hodgkin’s disease as a pathologic concept— would ipso 
facto eliminate the confusion of including a variety of conditions 
under the term because they happened to have similar or indis- 
tinguishable clinical pictures./ Occasional splenic, abdominal and 
other forms might, to be sure, remain during life or even perma- 
nently undiagnosed, but even this is both scientifically and prac- 
tically preferable to the present loose method of using the terra 
now as a clinical and now as a pathologic diagnosis. In this 
connection, too, the dangers of such diagnoses as “atypical Hodg- 
kin’s disease” must be recognized, if we wish to avoid a morass 
like that of pseudoleukemia. Substitution of the word “doubtful” 
would often be as useful and always less confusing. 

On this histopathologic basis I have examined the tissues of all 
fatal cases diagnosed as Hodgkin’s disease in our department. Of 
the 40 so listed, 7 can be rejected as not meeting the histologic 
requirements (either obviously pure tuberculosis, blastomycosis or 
without sufficient data). Of the 33 remaining, none revealed a 
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demonstrated progress from the granulomatous to the sarcomatous 
picture“drEodgkin's disease —Ewing’s Hodgkin’s sarcoma. In 
8 there was strong probabili ty that the condition was sarcom a- 
tous from the beginning or reasonable doubt as to whether 
HodgE nT'dlseaseor lymphosarcoma in one or other f orm was 
under consideration.^ if any of the 3 were the latter/ however, 
the evidmice for" srfrevious Reed-Longcope histologic picture was 
never at hand. In the 33 cases there were 22 males, 11 females; 
the average age was 46, with extremes of IS and 72 years. 
Evidence for an associated active tuberculosis was present in 3 
cases, but may well have been overlooked in others. There were, 
of course, others with healed lesions, pleural adhesions or apical 
scars, but it was not believed that the autopsy records were 
sufficiently detailed to make an analysis of this item worth while. 
In 3 cases obviously careful study had excluded tuberculosis, as 
far as ppssible, once including bacteriologic and inoculation studies. 

In (^ther words, this material lends no support for the primary 
neoplastic nature of Hodgkin’s disease, unimpressive evidence in 
■favor of a causative relationship of tuberculosis and no examples 
of progress from the granulomatous to the neoplastic type of 
Hodgkin’s lesionj It brings us definitely back to the probable 
basis of a granulomatous infection of unknown etiology. 

Let us now review the accumulated evidence bearing on the 
infectious vcrstis the neoplastic origin of Hodgldn’s disease, granting 
that it must be regarded as indicative rather than conclusive: 

1. Histologic Picture. [^"iAffiether in lymph node (on which earlier 
studies were made), spleen, bone marrow or elsewhere, the histo- 
logic picture, especially in the early stages (an increase of the 
“endothelioid” cells of pulp and follicles, together with lympho- 
cytes, eosinophils — first noted by Goldman — neutrophils and plasma 
cells), is characteristic of chronic inflammation, but would be unique 
for neoplasm, even a neoplasm of the reticuloendothelial system. 
The great increase of eosinophils in a considerable number of cases 
in the tissue and perhaps also in the blood is again a picture unknown 
in neoplasms but not uncommon in parasitic and other chronic 
infections, allergy, etc. As the process progresses, the character- 
istic “ Sternberg-Reed giant cell” becomes more prominent, sugges- 
tive in different form of such infections as syphilis and tuberculosis, 
especially as these cells sometimes resemble the Langhans type. 
Pullinger^^ and Haythorn have emphasized the probable origin of 
' these cells from the reticuloendothelial system, and Foot has pointed 
out that the reticulum formation suggests that of an inflammatory 
process. Of course, on the other hand, admixtures of giant cells 
in sarcoma are not uncommon. The role of tins cell in Medlar’s 
megakaryocytoma theory will be discussed later. The suggestion, 
seldom made, that the endothelioid cells are neoplastic is negated 
for the pathologist by their similarity to eells of accepted inflamma- 
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tory reactions and the dissimilarity of their pale nuclei and orderly 
growdh to characteristic sarcoma cells. With increasing age of the 
lesion, fibrosis becomes more and more prominent, some nodes 
being almost entirely converted into fibrous tissue, with few of the 
earlier cells remaining— a condition common to many non-neoplastic 
lesions of lymphoid tissue, but rare in such extreme degree in 
untreated neoplasms. Even the cell degeneration and areas of 
necrosis appear to the pathologist’s eye more like those of an infec- 
tion such as tuberculosis or syphilis, than of neoplasm. The general 
histologic picture, to be sure, sometimes resembles superficially 
that of sarcoma or even a sclerosing type of carcinoma metastasis, 
but it also sometimes comes close to that of atypical tuberculosis. 

The most important feature in the histologic picture that supports 
the neoplastic nature of Hodgkin’s disease is the neoplastic develop- 
ment late in/a certain number of cases of lymphoid tumors of the 
kind, called by Ewing, Hodgkin’s sarcoma-.-^ However, as Ewing 
himself indicates, tliis picture is only found in a minority of cases. 
In fact, a critical review of the literature of such cases reduces 
acceptable cases to a very small number indeed. Such a picture, 
of course, can easily be reconciled with the infectious theory, by 
regarding it as a localized neoplastic transformation as a result of 
the chronic irritation, in the same .sense that many other neoplasms 
are thought to originate. Thus we might say that the character- 
istic histologic picture of Hodgkin’s disease could only be harmonized 
with the primary neoplasm theory, if one assumed that it was an 
inflammatory response, of a type not known in connection with 
any other neoplasms, to an existing neoplasm whose presence in the 
tissue cannot be demonstrated. 

M eiastasis. The spread of the process to distant parts, metastasis 
if you will, is no more indicative of tumor metastasis than of the 
unk nown and hjTiothetical infectious agent initiating the process 
in several parts, or transmitting it by blood or lymph. Tubercu- 
losis and various other infections can metastasize or spread through- 
out the body as well as neoplasms. The tendency to invade, 
that some have invoked to support the tumor theory, is sometimes 
less marked than is the tuberculous process in lymph nodes; cer- 
tainly in Hodgkin’s lesions morbid cells are not found in the capsule 
to the extent that they are in malignancy, and mitoses (except in 
the Hodgkin sarcoma form) are infrequent. 

Fatal Outcome. Exponents of the malignancy theory invoke the 
invariably fatal outcome as an argument, but we have enough 
devastating infections, and some that work slowly, to let us accept 
with equanimity that another, especially when no potent treatment 
has been devised, might always be fatal. Leprosy was in the 
same stage a few years ago, while pernicious anemia, due to con- 
stitutional defect, was uniformly fatal until Minot’s liver treatment 
was discovered. 



KRUMBmU.Rt HOBGKIn’s BISEASE 


601 


Megaharyoblastoma. The latest exponent of a primary neoplastic 
origin of Hodgldn’s disease is Medlar/* who suggests that it is a 
“megakaryoblastoma,” arising from the megakaryocyte of the bone 
marrow. Tliis was suggested by his observation in experimental 
tuberculosis (avian and bovine), both of numerous cells resembling 
the giant cells of Hodgkin’s disease, which were taken to be mega- 
karyocytes, and also of a hyperplasia of megakaryocytes in the 
bone marrow vath a wandering-out into the tissues. In a further 
study of 22 human autopsies and about 100 surgical specimens 
(but including only 6 bone marrow instances), he found “hyper- 
plasia of the marrow with a marked increase of immature cells 
which probably are the progenitors of megakaryocytes,” with 
similar picture elsewhere in the body. Adopting the Unitarian 
theory of hematopoiesis, the author suggests that Hodgkin’s disease 
thus becomes closely related to the myeloid leukemias and the 
erythroblastic dyscrasias. A novel addition to the suggested 
etiology and nomenclature of Hodgkin’s disease (Wallhauser lists 
52 proposed names!), and apparently offered chiefly in a provocative 
way, this hypothesis does not excite one’s enthusiasm. Aside from 
the general limitations on making difficult classifications solely on 
the basis of morphology, in this case a considerable further assump- 
tion is required, namely, that the immature cells in the bone marrow 
are progenitors of megakaryocytes. Nor do the illustrations furnish 
impressive support : Granted that the lesions are those of Hodgkin’s 
disease— and I* believe that the bone marrow is more often involved 
in this disease than has hitherto been appreciated— and granted, of 
course, that the characteristic giant cell may be found in other tissues, 
sometimes even in mitosis, both items that are generally acceptable, 
this by no means indicates that a neoplastic megakaryocyte is 
necessarily responsible for the lesion. In fact, the very observations 
that led to elaboration of the theory, namely, the occm’rence of 
similar cells in experimental tuberculosis, are e^’idence in support 
of an infectious rather than a neoplastic explanation for the picture 
found. The prevalent opinion that both endothelioid and giant 
cells ^ are derived from the reticuloendothelial system has both 
a priori and evidential support.^^ Medlar also suggests that the 
prominent late fibrosis may be due to organization of excessive 
fibrin, the formation of which is connected with an increased number 
of platelets. The assumptions required to support such a view 
are too numerous to demand more than its notice. 

No Demonstrated Etiologic Agent. An important argument that 
is raised against the infectious theory of Hodgkin’s disease is the 
failure to find an accepted microorganismal cause. It must at once 
be admitted that the long list of diphtheroid bacteria, spirochetes, 
amebae and (most recently) monilia and so on have not been 
acceptably substantiated. 


* Am. J. Med. Sci., 182, 764, 1931. 
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The most persistent of these claimants is some atypical form of 
the tubercle bacillus, both because of the well-known frequent 
association of the two diseases in question (Ewing’s apt dictum that 
tuberculosis follows Hodgldn’s disease like a shadow), but also 
because of suggestive positive e\ndence that has more than once 
been produced. Sternberg’s frequent finding of tubercle bacilli in 
Hodgkin-like lesions led him to accept them as the active cause 
either of the disease itself or at least of a similar subvariety of 
pseudoleukemia. The latest contribution to this aspect, I’Esper- 
ance’s^® recovery of a-\aan tubercle bacilli from Hodgkin’s material 
and experimental production of Hodgldn-like lesions, is too recent 
to have reached final appraisal. Against her findings must be 
placed the failure of others to get similar results (but how often 
has this not been the experience of medical discoveries?) or to 
benefit patients vdth serum from inoculated fowls.^® The vastly 
preponderating opinion of a whole generation (based mostly on 
failure to find acid-fast organisms or tuberculous lesions in Hodgkin’s 
material) has been that there is no, or at most a secondary, relation 
of tuberculosis to Hodgkin’s disease. 

The most recent development in this field of etiology is the 
demonstration that ultramicroscopic material (Seitz filter) from 
Hodgkin’s lesions, especially when rendered more potent by refrig- 
erated maceration, can produce characteristie lesions when injected 
into rabbits and guinea pigs.^" If the opinion is substantiated that 
this procedure has diagnostic value, it will not only be a great relief 
to have a biologic as well as a morphologic attack on biopsy material, 
but it also should advance our understanding of the disease and 
perhaps place it definitely in the group of ^^rus diseases. With 
the known prevalence of latent Aurus diseases in laboratory animals, 
however, and their activation by non-specific agents, attribution to 
this ^^rus of a causative role in Hodgkin’s disease must be made 
with utmost caution. Although Fox’s^® small material has thus 
far been confirmatory, Rhoads and Stewart,'® in New York, have 
not been able to reproduce Gordon’s result. 

Twort’s'® uniformly negative attempts to uncover an infectious 
agent led him to the pessimistic Anew, that “one might be dealing 
Avith a new growth,” but fortunately such councils of despair rarely 
gain much support. 

Immuniiy. Warthin-® includes among the arguments for neo- 
plasm that no cAndence of immunity has been produced. But in 
the absence of a known specific cause, this objection hardly assumes 
serious proportions. 

A Disease Between. Infection and Neoplasm. The suggestion has 
been made that Hodgkin’s disease is unique in being intermediary 
between infection and neoplasm. Except for the possible occasional 
sarcomatous transformation of the granuloma {i. e., sarcoma not 
an integral part of the disease), this idea is both difficult to accept 
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and without progress value. Concepts of infection and of neoplasm 
and of transformation from infection to neoplasm are definite and 
useful, but a hybrid essentially between the two should not be 
admitted into the present etiologic scheme of disease. 

Miscellaneous Evidence. A number of lines of evidence must be 
regarded as favoring neither infection nor neoplasm. Age, sex, 
seasonal incidence, geographic distribution, occmrence of the 
disease in several members of the same family, simultaneous occur- 
rence in twins, and in mother and new-born child,’^^ fever, anemia, 
reaction to irradiation, general signs and symptoms, duration and 
similar phenomena may with almost equal justification be invoked 
to support either the infectious or neoplastic hypothesis. The 
relapsing type of fever, eosinophilia and impossibility of transmission 
to animals have led Barrotf^ to support the parasitic natm'e of the 
disease; but no parasite has been incriminated. 

Thus, while it is apparent that the nature of Hodgkin’s disease 
remains obscure, the preponderance of evidence favors the infectious 
theory, with some promising support for its inclusion among the 
Aurus diseases. It must be conceded, too, that the stimulus to 
further progress is greater if it is not included among the malignant 
neoplasms, at least until compelling e^ddence is forthcoming. Cer- 
tainly the growing tendency in this country to relegate it to the 
already complex and ill-defined group of lymphoblastomata seems 
ill-advised, both as confusing, against the evidence and inhibiting 
progress. In the present state of our knowledge of the subject, the 
term “lymphogranuloma” is also inadvisable. The non-committal 
designation, “Hodgkin’s disease,” even though largelj^ based on a 
picture unknown to the original describer, is to be recommended 
until a definite etiology has been established. It is a source of 
satisfaction, then, that the Lymphatic Tumor Registry has seen 
fit to preserve the independent position of Hodglcin’s disease. 

Summary. 1. The results of 33 cases of fatal Hodgldn’s disease 
are briefly analyzed. 

2. Evidence for the infectious or neoplastic nature of Hodgldn’s 
disease is presented and discussed. 

3. Use of the term Hodgkin’s disease (rather than lymphogranu- 
loma or lymphoblastoma) and restriction of its use solely on a 
pathologic (not a clinical) basis is demanded. 
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THE DIFFERENTIAL DIAGNOSIS OF AGRANULOCYTIC ANGINA 
FROM ACUTE LEUKEMIA. 

By Henry Jackson, Jr., M.D„ 

ASSISTANT PROFESSOR OF MEDICINE, HARVARD MEDICAL SCHOOL, BOSTON, MASS. 

(From the Thorndike Memorial Laboratory Second and Fourth Medical Services 
[Harvard], Pathological Laboratory, Boston City Hospital, the Department of 
Medicine, and the Collis P. Huntington Memorial Hospital, Harvard University.) 


For reasons that are not clear, the sjTidrome commonly called 
agranulocytic angina is now a relatively common one throughout 
the country. A few years ago the diagnosis was virtually never 
made, even in the large general hospitals. In the last few years 
scores of cases have been reported from all parts of the country. 
The reason for tliis apparent increase is not clear— it may partly 
be attributed to more complete and more careful hematologic 
studies and to better diagnosis; but we may be reasonably certain 
that the disease has actually increased very considerably. Its 
etiology and even its pathology are obscure. The condition carries 
with it a grave prognosis, even with the best of therapy. At the 
same time a considerable number of these cases recover either 
spontaneously or following the administration of some more or less, 
specific drug and remain well over a sufiiciently long period of time 
to be regarded as true cures. The condition, however, is easilj’’ 
confused with a far more serious disease— acute leukemia, which is 
generallj' conceded to be invariably fatal in a comparatively short, 
period. These facts show the importance of careful differential 
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diagnoses. From mj'^ experience with these two diseases I have 
drawn certain conclusions which I would like to present briefly. 

Let us consider 2 patients. The first is a man, aged 40. His 
previous health has been good, in fact he has been unusually strong. 
Tliree weeks before admission to the hospital he had a sharp chill, 
an increase of temperature and severe general malaise. Hecovery 
was rapid and complete. Two weeks later a similar episode ensued. 
Again within 24 hours he seemed as well as ever. Two days before 
admission to the hospital he began to have malaise, sore throat, 
chills, generalized abdominal pain and a severe ache in the lower 
rectum. Prostration was marked. On examination he was found 
to be mildly delirious. The gums were swollen and ulcerated but 
not bleeding. The throat was red and parched looking. The 
temperature was 103° F. There were enlarged and tender Ijonph 
nodes in each side of his neck. The heart and lungs showed no 
abnormalities. The spleen descended two fingers below the ribs 
on inspiration. The liver was not palpable. In the rectum could 
be felt a soft, tender mass which did not bleed on palpation. His 
red count was 4,000,000 per c.mm., the white count 1200 per c.mm. 
and the platelets slightly increased. The differential count dis- 
closed complete absence of neutrophils, over 90% of the white cells 
being mature lymphocytes. There were 2% stem cells and the 
remainder were young monocytes. The red cells showed no 
abnormalities. 

The second case presented a somewhat similar picture. The 
patient was a man, aged 45. His past history was irrelevant. 
A week before admission he began to have profuse bleeding from his 
gums. Fever and sweating was noted from the onset. Malaise 
was extreme and the patient became rapidly weaker. Three days 
before admission several large ecchymoses appeared on the outer 
aspect of his thigh. There had been no preceding trauma. The 
day before entry he complained of pain in his rectum and passed 
a small quantity of bright blood. On admission, the physical 
examination showed him to be extremely pale and sweating pro- 
fusely. The mucous membranes were pale and slightly cyanotic. 
The gums were swollen and bleeding profusely. There was some 
bleeding from his nose. There were palpable and tender lymph 
nodes in both sides of his neck. The heart and lungs were normal. 
The spleen was enlarged to the level of the umbilicus. Three large 
ecchymoses were present on the, outer aspect of his right leg. Rectal 
examination revealed an exquisitely tender, soft, bleeding mass just 
inside the sphincter. The temperature was 100 ° F. and the pulse 90. 
Subsequent examination of the blood showed the white count to 
be 1000 per c.mm., red count 2,100,000 per c.mm. The platelets 
were completely absent. The differential count showed 100% 
stem cells. The red cells were achromic and a rare normoblast 
was seen. 
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The first case to my mind is tj^iical of agranulocytic angina; 
the second a classic example of acute leukemia. There could, I 
believe, have been no reasonable doubt as to the diagnosis, and the 
ultimate outcome of the 2 cases proved the correctness of the 
original diagnosis. The first man is alive and well now, 3 years 
later; the second man died within a few months, and the bone 
marrow showed a picture entirely consistent with the diagnosis of 
acute leukemia. 

The differential diagnosis between the two conditions rests largely 
on the blood picture and to a far less extent, in my opinion, on the 
signs and symptoms. In acute leukemia there is usually a great 
reduction of platelets, very frequently they are completely absent. 
This is not the case with agranulocytic angina, for in this disease 
the platelets are usually normal, often increased and very rarely 
diminished. In acute leukemia, anemia is usually marked and 
progressive and is of the macrocytic tjqie. Anemia in agranulo- 
cytic angina is rarely, if ever, of any moment and when present is 
usually to be attributed to associated but unrelated causes and is 
of the microcytic tjq)e. In acute leukemia, especially in adults, 
the blood smear shows a considerable number of very immature 
cells, often virtuallj- all the white blood cells are stem cells and it is 
only in the most at^qiical cases that young forms are few in number, 
A few stem cells may be found in the blood of patients suffering from 
agranulocytic angina; any very considerable number, however, 
indicates the probability of leukemia, and the more there are the 
greater the probability. A level is reached, perhaps 20%, which 
if more than temporary almost certainly means leukemia. During 
convalescence from agranulocytic angina there may be, and in fact 
usually is, a temporary outpouring of myelocytes, but this stage 
is soon passed and clinical improvement is evident coincidentally. 

Agranulocytic angina is very rare in childhood. I have seen no 
case under 12 years of age and very few under 20. Acute leukemia 
is not uncommon in childhood, occurs most frequently in early 
adult life and is rare in old age. Agranulocytic angina is seen in a 
fair percentage of the cases in the aged. 

Leukemic patients with temperatures of 102° to 104° F. may 
seem comparatively well. This is rarely the case with agranulo- 
cytic angina. In this latter disease such temperatures are almost 
invariably accompanied by marked prostration and toMcity. In 
agranulocytic angina the fever is either steady or more commonlj^ 
fluctuates within certain rather definite limits. In acute leukemia 
the temperature curve is often an extremely variable one. 

It should be emphasized that the total white count is of no vital 
importance in the diagnosis of leukemia. Leukemia is still leu- 
kemia whether the white count be 50 or 50,000 per c.mm. The 
character of tlie white cells and the pathologic changes in the bone 
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marrow determine the diagnosis. In the last analysis sternal bone 
marrow puncture may have to be resorted to as a diagnostic aid. 

Our thesis so far seems simple and yet I am convinced that it is 
not. The first case to which I referred recovered and after a some- 
what stormy convalescence has remained perfectly well for over 
3 years, but so also did our second case recover temporarily in a 
manner not at all dissimilar from that of the first and with hema- 
tologic changes which were to a certain extent parallel. After 
5 days, during which time he had been treated with pentnucleotid, 
there was a sudden drop in temperature and gradually, over a 
period of weeks, his blood returned to normal in CA^ery respect. 
The Ijmph nodes disappeared. The spleen and liver receded, the 
gums cleared and the patient returned to his usual Avork, Avith 
neither clinical nor hematologic signs of leukemia. He remained 
perfectly Avell for over 5 months, but then Avas suddenly seized Avith 
excruciating headache. A AA^eek before this episode his blood had 
been entirely normal. On admission, hoAvever, the Avhite count Avas 
found to be 20,000 per c.mm., Avith 80% stem cells, and he Avas dead 
in 10 days. The bone marrow shoAved the characteristic picture of 
acute leukemia. 

Acute leukemia is, of course; subject to temporary remissions, 
but they are rare and usually of A’-ery short duration and almost 
invariably either the clinical or the hematologic picture shoAvs 
unmistakable signs of the continued presence of the disease. In 
the case under consideration, such AA^as not the case. It must, 
therefore, remain an open question as to the exact nature of his 
first attack. 

The more I see of cases of extreme leukopenia the more certain 
I become that the differential diagnosis betAveen the A’-arious patho- 
logic entities AA^hich underlie this syndrome may be Avell nigh im- 
possible. 

A woman, aged 60, whose past health had been good, Avas taken 
with severe right lower quadrant pain, chills and high fever. Her 
white count was found to be 1000 per c.mm., with 100% normal 
lymphocytes. The platelets and red count were normal. In 2 days 
she Avas dead and a retrocecal abscess Avas found at autopsy. To 
my mind the diagnosis lay between primary agranulocytic angina 
with secondary sepsis and primary sepsis Avith consequent leuko- 
penia. An examination of her bone marroAv revealed the fact that 
it was studded Avith miliary tubercles and the acthm myeloid ele- 
ments had completely disappeared. 

A inan, aged 50, had had repeated attacks of extreme leukopenia 
with intervening intervals of perfect health. In all respects, so 
far as I am able to judge, the case Avas typical of the relapsing type 
of agranulocytic angina. , However, gradually anemia developed, 
hemorrhages appeared, the intermittent extreme leukopenia became 
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constant and death ensued. The bone marrow again revealed 
miliary tuberculosis with aleukogenesis. 

A man, aged 68, was admitted to the hospital with a classic 
picture of chronic myelogenous leukemia. The white count was 
175,000 per c.mm. The spleen descended to the umbilicus. The 
liver was grossly enlarged. The patient received moderate Roent- 
gen ray therapy without apparent benefit. Two months later the 
spleen had disappeared, the white count was 1000 per c.mm., the 
differential showed the vast majority of the cells to be normal 
lymphocjdes. The platelets were normal. Had the patient been 
seen for the first time at this stage of his disease, he might well 
have been considered to have agranulocytic angina. He died 
shortly afterward, and at autopsy the bone marrow showed virtu- 
ally complete absence of myeloid cells and great activity on the 
part of early red cells. The liver and spleen showed no gross or 
microscopic changes. 

We must, I belier^e, recognize that the most classic leukemia can 
become not only aleukemic but also aplastic. We all recognize 
that similar bone-marrow changes may be reflected by varied blood 
pictures. It must also be remembered that very similar blood 
pictures may be associated with the most varied pathologic changes 
in the bone marrow and other organs. 

In any consideration of the etiology, therapy or diagnosis of any 
condition it is wise, I believe, first to ask whether the condition 
under consideration be a distinct entity, recognizable as such by 
biopsy or postmortem examination. If it is not, I believe our 
efforts should be aimed toward the clarification of this angle of the 
subject. We have recently reviewed very carefully the bone 
marrow on some 20 cases which showed extreme leukopenia without 
significant involvement of the red cells. The pathologic pictures 
found varied so much that, frankly, we were unable to give many 
of them any specific diagnosis. Some we believe to be true and 
classic agranulocytic angina, others with clinical pictures, not very 
dissimilar, have shown postmortem many of the earmarks of 
leukemia. Still others reveal what, for lack of a better term, we 
refer to as aleukogenesis, no representatives of the myeloid series 
being present. No doubt the criteria set forth in the beginning of 
this paper will suffice in many instances to draw a distinction 
between agranulocytic angina and acute leukemia; but it is my belief 
that until this former disease, or rather syndrome, is placed upon a 
more sure pathologic foundation it will be difficult, if not impossible, 
to distinguish the less fatal tj^pes of leukopenia from the probably 
always fatal acute leukemia. 
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FIVE-YEAR SURVIVAL IN HODGKIN’S DISEASE. 

By Lloyd F. Graver, M.D., 

ATTENDING PHYSICIAN, MEMORIAL HOSPITAL, 

NEW YORK CITY. 

(From the Memorial Hospital for the Treatment of Cancer and Allied Diseases.) 

As Hodgkin’s disease is uniformly regarded as incurable, no -one 
attempts to speak of 5-year cures, as in cancer. As was empha- 
sized by Stone, of this hospital, 10 years ago, the best results in 
treating Hodgkin’s disease are obtained if one accepts its incurabil- 
ity as a fact and proceeds accordingly with therapeutic measures 
designed to secure the best palliation for the longest possible time. 
Such an attitude is not inconsistent, however, with the use-, at times, 
of ratlier heavy irradiation. Yet it does restrain one from the 
needless overburdening of the patient with such massive doses as 
are employed to good purpose, for instance, in the Coutard tech- 
nique of treatment of hjqDopharyngeal cancer. 

The average lengtli of survival of patients with Hodgkin’s disease 
from the time the symptoms appear is 3 years or less. It is well 
known that some cases run a much more rapid course, while a few 
stand out as having run a much longer course. Stone showed that 
of 164 patients there was complete restoration of health after 
treatment, either witli or without complete disappearance of objec- 
tive evidence of disease in 32 per cent. In these cases the duration 
of life subsequent to treatment averaged 35 months, as compared 
with an average of only 16 months for the whole group. 

Among the more important reports concerning length of survival 
in Hodgkin’s disease after irradiation are the following; 

Burnam reported 2S% of 147 cases showing a survival of 5 years 
or more following Roentgen therapy, Avith 14 surviving S years or 
more. These results are so exceptionally good that the question 
arises as to Avhat proportion of cases in this series did not have the 
diagnosis confirmed by biopsy. Schreiner and Mattick, in 1924, 
reported 46 cases, of which 31 had been treated by high voltage 
Roentgen rays or radium pack. Their average survival Avas 2 years 
and 7 months. (It is not clear whether this figure represents sur- 
vival folloAving irradiation or recognized onset.) 

Voorhoeve, in 1926, reported 19 cases. Of 11 Avhich had been 
treated according to plan, 7 Avere dead, with an average survival of 
2J years folloAving irradiation, and 4 Avere living Avith an average 
survival of 3 years. 

_ Gilbert and Babaiantz, in 1931, reported that of 25 cases treated 
since 1922, there Avere 15, all verified by biopsy, that had received 
treatment according to plan. These had the remarkable average 
survival following Roentgen therapy of 4 years and 9 months. 
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Five patients died after an average survival of 2J years. *Four died 
on an average of 4| years following Roentgen tlierapy. It is 
notewortliy tliat 6 of tlie 15 patients were living an average of over 
7j years. Gilbert and Sluys take pains to point out, however, 
that sinee 192S they have received 27 new cases and that they can 
see already that in this group they are not going to obtain as long 
an average survival as in tlie cases reported. They, therefore, 
advise great caution in judging individual results. 

McAlpin and Golden, in 1933, reported 42 cases with positive 
biopsies. Five patients were still living at the time of their report, 
2 for over 10 years. Of the 32 patients who had been followed 
throughout their course, 6 had survived over five years. In tlie 
deceased patients, however, the average duration of the disease 
was only 2 years and 8 months. 

Analysis of Memorial Hospital Figures. A recent survey of the 
case records of this hospital gives the following figures. From 1918 
to June 1, 1929, 125 cases of Hodgkin’s disease verified by biopsy 
were treated. Because of the fact that for several years we piu'sued 
the fad of treating cases of supposed Ijonphosarcoma and Hodgkin’s 
disease largely without benefit of biopsy, we have in our records 
a considerable number of additional cases which, because of tlieir 
clinical course, we have good reason to believe were Hodgkin’s 
disease; 185 cases, in fact. A third group of 53 more doubtful 
cases is not included. This makes a total of 310 cases either proven 
by biopsy or believed to be proven by clinical course, treated 
between 1918 and June 1, 1929. 

Of tliese 310 cases, 32 (10.3%) showed a survival following 
irradiation of 5 years or over. Of the proven cases, numbering 
125, 15 (12%) showed a survival of over 5 years. 

Living are 16 patients over 5 years since they came, in 9 of these 
tlie diagnosis being proven by biopsy. These 9 living patients 
have survived an average of 7.4 years since treatment and have an 
average total duration of life since onset of sjouptoms of 9.5 years. 

Our service in the treatment of Hodgkin’s disease has increased 
considerably in recent years. We now have in the current file, 
records of 77 cases, proven by biopsy, and 17 cases, without biopsy, 
but almost certainly Hodgkin’s disease. A number of doubtful 
cases is excluded. 

As an attempt to find reasons for the marked extremes of dura- 
tion, of course we have made for comparative purposes a brief analysis 
of a group in which tliere was a total survival of 1 year or less fol- 
lowing onset of sjTnptoms and a survival of 6 months or less follow- 
ing h-radiation. In this group were 22 cases, of whidi 9 were proven 
by biopsy and 13 were presumably Hodgkin’s disease. 

As to age of patients, we find that the 5-year survivors averaged 
34 vears of af^e and varied between extremes of 6.5 and 67 years, 
while those surviving 6 montlis or less averaged 44.3 years and 
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varied from 7.5 to 67 years. Thus we find that there is practically 
no difference between these two groups with respect to age limits, 
and we also find the rather surprising fact tliat the patients with 
the shorter courses were, on the average, 10 years older. 

The male-female ratio was 11 to 10 in the 5-year group; 14 to 8 
in tlie 6-month group. 

As to average duration of the disease before treatment, we find 
in tlie group of 5-year survivors that the symptoms had existed 
previously for from 1.5 months to 8 years, the average being 1.4 
years; while in the 6-month cases, symptoms had been present 
previously for from 1.5 months to nearlj" 1 year, the average being 
4.4 months. 

What reasons can we find in our surve.y of these two contrasting 
groups of cases for the great difference in length of course? The 
simplest statement, but one which does not explain the diffei'ence, 
is that the disease was more virulent or malignant in the one group. 
An analysis of the presenting complaints in the two groups indicates 
that in the cases of short survival there was evidence of generaliza- 
tion in 16 of the 22, while in the cases with long survival uncom- 
plicated lymphadenopathy with few or no general sjnnptoms was 
the rule. We ha^'e seen that, contrary to the usual impression, the 
cases with the longer survival were not in the older age groups, 
but in the younger, averaging 34 years as against 44.3 years. 

Examination allows us to say with safety that variations in 
histologj' of nodes as removed at biopsy do not account for the 
different duration of course. Many of the cases pursuing the longer 
courses have shown highly cellular tjqies of Hodgkin’s disease, 
approaching sarcoma. 

As to location of disease we have the distinct impression that 
localization in one area, preferably the upper cervical region, com- 
bined with early thorough treatment, perhaps with early surgical 
remoA^al followed promptly by thorough irradiation, offers the most 
favorable prognosis. 

A nearly normal blood count seems to be favorable, while leuko- 
cytosis with or without polynucleosis, or leukopenia, are unfavorable. 

Fever and marked pruritus, and pronounced splenomegaly seem 
to be unfavorable prognostic signs. 

A tendency to gain greatly in weight soon after irradiation seems 
to be a good indication. 

Yet 1 of our patients now living, 8 years since treatment was 
begun, had advanced pulmonary tuberculosis with cavity formation 
and positive sputum when admitted.- 

As to treatment, the long-surviving cases on the whole seem to 
have fared with only a moderate amount of irradiation; but this 
statement should be qualified, I think, by stating that, as a rule, 
in the cases with long survival the early lesions were treated fairly 
vigorously and persistently. 
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I should lilce to add a statement of impression concerning our 
present teclmique which consists mainlj’’ of divided doses of high 
voltage Roentgen therapjq as contrasted with the technique of 
5 and 10 years ago, when for the most part single massive doses 
of low voltage Roentgen rays were used. Our regressions now 
seem better with less immediate discomfort, but are we not seeing 
more marked leukopenia and more cases of later debility and 
leukopenia than in former years? I wonder whether some cases 
might not do better with the older technique. 

Summary. Of 310 cases of Hodgkin’s disease, 125 proved by 
biopsy, 10.3% showed a survival following irradiation of 5 years 
or over— of the proA’-en cases, 16.8%. 

Five-year survivors averaged 10 years younger (34 years of age) 
than a group that had survived 6 months or less, though extremes 
of age Avere the same in the tAvo groups. 

The difference in surA^Ral of the two groups is apparently due to 
differences in Aurulence of the disease. This, hoAveA'er, showed no 
correlation Avith the histologic appearance of nodes remoA'ed at 
biopsy. Favorable features Avere localization in one area, combined 
with early thorough treatment, absence of leukocytosis or leuko- 
penia, gain in weight after irradiation. Fever, marked pruritus 
and splenomegaly were apparently unfavorable signs. 

REFERENCES. 

Burnam, C. F.; J. Am. Med. Assn., 87, 1445, 1926. 

Gilbert, R., and Sluys, F.; J. de radiol. et d’^lectrol., 15, 129, 1933. 

McAlpin, K. R., and Golden, R.: Am. J. Roentgenol., 29, 83, 1933. 

Schreiner, B. F., and Mattick, AV. L.: Ibid., 12, 133, 1924. 

Stone, AA''. S.: Canad. Practitioner, 49, 109, 1924. 


IRRADIATION IN LYMPHOSARCOMA, HODGKIN’S DISEASE 

AND LEUKEMIA. 


(A Statistical Analysis.) 
By T. Leucutia, M.D., 

HARPER HOSPITAL, DETROIT, MICH. 


Ne.arly 15 years haA-e noAv elapsed since the introduction of 
deep Roentgen ray therapy, which has produced such pronounced 
changes in our concepts regarding the Amlue of irradiation in general 
and of the curative results in particular. It, therefore, appears 
proper that, at a meeting to commemorate the fiftieth anni- 
vei-sary of one of the leading institutes for the treatment of 
cancer and allied diseases, we pass in statistical review all that has 
been accomplished in this domain, therefrom certain conclusions 
concerning standardization of rational therapeutic procedure may 
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be derived. Especially is this true of some affections of the bnn- 
phatic and hematopoietic systems, such as Ijanphosarcoma, Hodg- 
kin’s disease and leukemia, where radiation therapy, because^ of 
the extremely high radiosensitivity of tlie elements comprising 
those lesions, played a great role from its very incipiency. 

This review of reports from the literature and of personal observa- 
tions is concerned with the status which radiation therapy now 
occupies in the treatment of these conditions. There will be little, 
if any, new contribution, for the subject is already well covered in 
all its phases by a wealtli of material; but the numerical tabulation 
of results from distant parts of the Avorld may help to endorse certain 
more or less universally preferred methods and to harmonize various 
views concerning the optimum therapeutic effect which may be 
expected. To this aim, attention will be directed to the following 
main points; (1) Increase of expected duration of life in the average 
case; percentage of 5- and 10-year survival with eventual final cure 
in the individual cases; (2) method of treatment which appears 
more generally used leading to the optimum effect; and (3) prog- 
nostic evaluation during the course of the disease and treatment. 

(a) Lyvi'phosarcoma. The paucity of the statistical material 
concerning irradiation of Ijnnphosarcoma is indeed surprising. This 
is chiefly due no doubt to the lack of knowledge as to what really 
constitutes lymphosarcoma and in the rather vague precision as to 
its classification. It seems that the majority of investigators still 
prefer to consider the condition as a small round cell sarcoma and 
thus to place it in the ra.ther large group of general sarcoma, with- 
out further subdivision or classification. On the other hand, the 
very close resemblance which exists between this condition and 
other disorders affecting the Ijonphoid tissue, such as pseudoleu- 
kemia, aleukemia, Hodgkin’s disease and even lymphatic leukemia, 
has induced not a few students of the problem to include them all 
under the general heading of lymphoblastoma or malignant lym- 
phoma. To take one example of this latter group: Minot and 
Isaacs, who on the basis of a rather large number of cases (477) 
arrived at some very definite conclusions, concerning certain points 
which are of interest to us, state that tlie average life duration of 
Ijonphoblastoma is 2.76 years and that about 10% of both the 
irradiated and non-irradiated had the disease for 6 or more years. 
From this they think that radiation therapy, -although of great 
value in producing symptomatic improvement, does not influence 
importantly the life duration of the group as a whole. Obviously it 
is very difficult, if not impossible, to obtain comparative data either 
by including lymphosarcoma in the general group of sarcoma or by 
placing it under the comprehensive heading of lymphoblastoma. 
Desjardins and_Ford,s well realizing this difficulty, published, in 
1923, a first series of 55 cases of lymphosarcoma to determine the 
life expectancy from the onset of symptoms to death, when no sys- 
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tematic treatment ivas given and, in 1926, a second series of 126 
cases to ascertain the prolongation of life when radiation therapy"- 
was applied. The average duration of life was found to be in the 
first series 2| years and in the second 2^ years, indicating that 
radium and Roentgen ray treatment does not seem to prolong life 
to a notable degree. The percentage of those who survived longer 
than 5 years was 10 in the first series and 6 in the second, the 
longest life duration being 25 years. These results agree well Avith 
those of, Minot and Isaacs. 


Table 1. — Statistical Analysis of Results in Lymphosarcoma 


(The group of lymphoblastoma of Minot and Isaacs is included for purposes of comparison.) 


Author. 

Period. 

1 

Type of lesion. 

i 

Cases. 

1 

Irradiation technique. 

Results. 

1 Quality. 

1 

1 

Dose. 

! Extent. 

Un- 

traccd. 

Alive. 

1 

Lived. 

Died. 

Average 
, sundval 
since 
i onset, 

>TS. 

5 

yrs. 

10 

yrs.! 

Minot and Isaacs,’’ 
1920 

1013- 

1925 

1901- 

1925 

All lymphoblas- 
toma except 
lym. leukemia 

477 

No irradiation 

1 

76 




2.45 

A'arious irradiation 


2,88 

Desjardins and 
Ford,® 1923 

1915- 

1920 

All lymphosar- 
coma 

102 

Without systematic 
treatment 

26 

9 

6 


67 

2.46 

, Desjardins,” 1920 

1920- 

1923 

All bmphosar- 
coma 

126 

140 Kv. 
200 Kv. 

1 Large 

1 doses . 

Fairly 

general 

1 

32 j 

25 

I 

i 

69 

2.33 

Rosenthal, Harris 
and Kean,’’ 1931 

1918- 

1931 

Follic. lympho- 
sarcoma 

10 

200 Kv. 

Fract. 
200 r. 

AH rcg. 
involved 


4 

1 

1 

6 

4 33 

Evans and 
Leucutia," 1934 

1922- 

1930 

All lymphosar- 
coma 

31 

200 Kv. 

Large 
i doses 

; 1 

GCner- 1 
alized 

1 

i 

G 

10’ 

1 

4 

24 

3.33t 


• Four died later. 

t The average life duration since treatment was 2.1 years. 


A tabulation of 31 cases of lymphosarcoma treated from 1922 to 
1930 at Harper Hospital shoAvs, hoAvever, that systematic irradia- 
tion leads to a distinct improvement in results. In our series, 
30% lived 5 years or longer, 15% 10 years or longer (for some of 
the 5-year suiwivals the lO-year period is not up yet). For those 
AAdio died, the aA'erage duration of life Avas 3^ years after the onset 
of symptoms and 2 years and 1 month after the beginning of irra- 
diation. Still better results Avere reported by Rosenthal, Harris 
and Keanes for 10 cases of follicular lymphoblastoma, a inore benign 
A^ariety than other tj^ies of Ijunphosarcoma. In their series, 4 
patients are aliA^e from 3 to 12 years, and in the 6 who died the 
average life duration from the onset of symptoms Avas 4J years. 

Although the material gathered in this group is not very large, 
and certainly not as comprehensRe as in the groups of Hodgkin’s 
disease and leukemia, Ave may Amnture the folloAving statement 
concerning the value of irradiation in Ijmiphosarcoma: 
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1. Thorough radiation therapy increases the expectation of life 
in all forms of Ijnnphosarcoma from to 3^ years and leads to- 
cure in at least 10% to 15% of the cases. If a subdivision into 
reticulum cell sarcoma, lymphocytoma and follicular lympho- 
blastoma is made, the improvement in results shows an ascendancy 
in the order named. Adding to this the often-observed “spectacu- 
lar” symptomatic improvement, the largest tumors melting away 
like snow within the period of a few days, radiation therapy must 
be considered as the method par excellence in the treatment of 
lymphosarcoma. 

' 2. It is essential that irradiation be carried out with penetrating 
rays (200 kv., J to 1 mm. Cu or Zn as filter), large doses (90% to 
100% SUD per field) and wide extension to as much as possible 
of the Ijunphatic system, the entire abdomen and the mediastinum' 
being included in the series of exposures, regardless of whether the 
disease is localized or generalized. It is not unusual by this pro- 
cedure to have 16 to 20 large portals covered with full or nearly 
full erythema doses within a pei^iod of 2 or 3 weeks, the total amount 
of radiation absorbed by the body being indeed a considerable one. 
A severe depletion of the blood with all its sequelce follows shortly 
after the- completion of the series and, therefore, a VQvy careful 
management of the patient with administration of blood stimulants 
and roborants is necessary for several months. The irradiation is 
repeated in 8 to 10 weeks over the areas of the manifest lesions, 
which by this time have all disappeared, with a dose of about 
70% SUD; and eventuallj'’ for a third series in another 10 to 12 
weeks with a dose of 50% SUD. Since lymphosarcoma, by reason 
of the Ijunphatic extension, remains localized to the lymphatic 
system and a few abdominal organs, such as the intestinal mucosa, 
serous membranes, spleen and liver, for a longer time, the above pro- 
cedure leads in a certain percentage of cases, as shown in the statisti- 
cal analysis, to a complete eradication of the disease. In such 
instances, no resumption of the irradiation appears necessary after 
the series is once completed, patients remaining free of recurrences 
for long periods or becoming cured. This, as we shall see later, 
is contrary to what occurs in Hodgkin’s disease or leukemia. In 
case there is only temporary regression or the dissemination of the 
disease continues at a more or less rapid pace, irradiation acquires 
a purely palliative value and is directed accordinglj^ 

3. The prognosis of lymphosarcoma is governed apart from the 
radiosensitivity gradation into the three forms (the reticulum cell 
sarcoma, lymphocytoma and follicular lymphoblastoma) by the 
extent of involvement at the time of the treatment and especially 
by the rapidity of growth of the tumor in the period preliminary 
to treatment.^ Lesions localized for a longer period to one single 
lymphatic region, as a rule, are more apt to result in final cure than 
widelj^ disseminated rapidly growing processes, although in a few 
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instances we have experienced a complete disappearance of the 
lymphosarcoma with more than 10-year survival in very general- 
ized forms. Progressive anemia, graduallj'^ developing cachexia, 
onset of fever, etc., usnallj’’ render prognosis unfavorable. 

(b) Hodgkin’s Disease. In contradistinction to lymphosarcoma, 
Hodgkin’s disease formed a favored topic for statistical study to a 
rather impressive number of investigators, so that in Table 2 we 
were able to collect the final results of 14 leading institutions from 
different parts of the world, based on some 805 cases. As is noted, 
there is a very close agreement between the various sources, the 
rationale of the following general conclusions being quite apparent: 

1. Radiation therapy, if carried out sj'^stematically, in addition 
to the fact that it leads to great symptomatic improvement, increases 
the duration of life in tlie average case of Hodgkin’s disease from 
2 to about years, produces a 5-year survival in 15% to 33% of 
cases, a 10-year survival in 8% of cases and finally leads in certain 
instances to a sjouptom-free period long enough beyond the 10-year 
limit that it may be considered a cure. If the acute cases as well 
as those which, because of the very far advanced stage, could not 
be properly treated, are eliminated or set in a group apart, as 
practised by Voorhoeve,^^ Gilbert, Babaiantz and Sluys,^^ Hummefi^ 
and others, the good effect of the irradiation becomes still more 
apparent. In view of the fact that no other method can equal 
these results at the present time, radiation therapj'^ must be con- 
sidered as the treatment of choice. . 

2. As a general rule, Roentgen ray therapy with penetrating 
rays (160 to 200 kv., | to 1 mm. Cu or Zn as filter) is preferred, 
although some favorable results are reported also with radium packs 
which, however, must possess a rather marked intensity. The 
so-called medium Roentgen rays (120 to 130 kv. with light A1 
filter) are now practically discarded or reserved for the occasional 
irradiation of the spleen. The dosage is guided by the general 
condition of the patient and the severity of the lesion. If tlie 
condition is good and the lesion localized, larger doses up to a full 
erythema dose may be attempted, but if tlie condition of the patient 
indicates systemic invasion (fever, pruritus, modification of the 
blood formula, cachexia, etc.) and the manifest lesions are fairly 
generalized, the fractionated protracted method will lead to best 
results. Daily seances of 10% to 30% SUD are given spread over 
a period of several weeks until all disease foci are covered, a total 
dose of 50% to 90% SUD being administered per focus. The 
massive irradiation witli large single doses including all lymphatic 
areas, whether diseased or not, as heralded in the early period of 
deep Roentgen ray therapy and as successfully practised for Ijnn- 
phosarcoma, has brought only disappointment in the ti eatment of 
Hodgkin’s disease. It has, therefore, gradually given way in 
every place where it was used to the more moderate procedures, as 
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indicated above, only the actually diseased areas being exposed. 
Following the completion of the first series, tlie patient is kept 
under strict surveillance, and as soon as there is evidence of a new 
focus or of a recurrence, the treatment is resumed. It is gen- 
erally found that irradiation often must extend over a period of 
years, many of the 5- and even 10-year survivals being kept alive 
only by this continuous resumption of the irradiation. If in the 
advanced stages of the disease, the extension manifests itself only 
by general sjonptoms (fever, pruritus, anemia, cachexia, etc.), 
irradiation of the entire trunk with large fields or teleroentgen 
therapy will bring about further temporary improvement and relief 
of sjnmptoms. Here the administration of adjuvants (arsenic, blood 
stimulants), opotherapy, climacteric therapy, etc., will likewise 
prove of benefit. 

3. If one attempts a prognostic evaluation of a certain case of 
Hodgkin's disease during the course of the radiation therapy, it 
may be said that the prognosis is more favorable in the localized 
form, espeeially if the lesion remained confined for a longer period 
to one single group of glands or to one organ. In the generalized 
form it is more favorable in those cases whieh run no fever and have 
a normal blood formula and, finally, in all instances in which there 
is a prompt regression of tlie tumefaetions following irradiation 
with long periods of remission. According to Goia,^^ who made a 
very detailed study of this subject, the prognosis is unfavorable 
in case of combination with active tuberculosis, involvement of the 
retroperitoneal glands, elevated and continuous temperature, hyper- 
leukocytosis, exudative pleural or peritoneal effusion, hyperneu- 
trophilia, neutropenia associated with leukocytosis, hypereosino- 
philia and a rapid recurrence of the tumefactions following radiation 
therapy. 

(c) Leuhemia. In estimating the precise value of irradiation in 
leukemia, it appears advisable to separate the acute from the 
chronic form. Especially is this true of the lymphatic type, where 
the ratio of the acute to the chronic form maj"^ be as high as 1 to 1 
or even higher. Since radiation therapy is without even as much 
as symptomatic effect in the acute cases, the disease continuing 
its progression toward the fatal end at a rapid pace, their inclusion 
in the general statistics of leulvemia serves onlj’’ to confuse the issue in 
the chronic form. To take one example, Cooke, from a study of 50 
cases of acute Ijrmphatic leukemia, found that more than one-half 
lived 3 months or less from the onset; one-third, 3 to 6 months; 
and only one-eighth from 6 to 9 months, none having survived the 
9-month period. This is also the experience at this hospital fol- 
lowing the systemic irradiation of 21 cases of acute Ijunphatic 
leukemia. On the other hand, Minot and Isaacs," from a study 
of 30 cases of chronic lymphatic leidcemia, without irradiation, 
estimated the average duration of life Jrom the onset of the disease 
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in this form as being 3^ 3 ^ears. By combining the two varieties, 
vnthout specif^’ing tlieir ratio of incidence, obvioiislj’^ one may 
obtain an average life duration which varies from 1 to 3_ years. 
This point is emphasized in order to furnish an explanation for 
some of the apparent discrepancies in the statistics of those investi- 
gators who, as shown in Table 3, made no distinction between the 


Table 3. — Analysis of Results in Lymphatic Leukemia. 


Author. 

Period. 

Type. 

Cases. 

Irradiation technique. 

Results. 

Untr. 

Alive. 

Liv 

5 

>TS. 

ed. 

10 

yrs. 

Died. 

Average 

survival, 

JTS., 

since 

onset. 


Quality. 

Dose. 

Extent. 


1 


.1:42 

No irradiation 





42 

0.3 


11:15 

Var. irradiation 





15 

0.3 


1:48 

No irradiation 

IS 




30 

3.33 

Clilulilc 

imjiil 

Var. irradiation 





50 

3.53 

BfioRre and 
B&Rre,s 1913 

w 


12 

Benoist 9° 

Small 

Spleen 

Lymph nodes 



1 

1 

12 

1 

Schreiner and 
Mattiek,M 1924 

-1924 

Both 


90 Kv., 4 A1 
200 Kv., J Cu 
Radium pack 

i Fract. 

Spleen 

Lymph nodes 
General 

■ 

■ 



1 


Fricke.'s 1928 

1915- 

1928 


55 

Radium pack 




H 

1 


B 

2.75' 

Nystrom,-^ 1931 

-1931 


33 

100Kv.,iCu 

aV sun twice j 
wkly. 

Chest, back, 
abdomen 


H 

1 

.. 

B 

1.2 

McAlpin, Golden, 
Edsal!.=" 1931 

1920- 

1930 


23 


1 sun wkly. 

J SUD wkly. 

Sprfcl. lymph 
nodes; deep 
lymph nodes 

2 

5 

1 

■ 

16 

H 

Arendt and Gloor,' 
1932 

1921- 

1931 


25 

170 Kv.,JCu 
Zn 

10-AO%SUD 
40% SUD; 
also AS 

Spleen 

Lymph nodes 


■ 

6 

2 

20 

2.2 

riazi,>2 1932 



10 


80% SUD 
lOOr daily 

Spleen 

Lymph nodes 


■ 


! 

B 

1,5 

Cooke, 1 1933 

1917- 

1932 

Acute 

50 

Var. irradiation and transfusion 


S 

1 

1 

B 


Evans, Leucutia," 
1934 

1922-' 

1930 

Acute 

Chronic 

21 

13 

140 Kv., 4 A1 
200Kv.,lCu 

50% SUD 
30% SUD 

Spleen 

Lymph nodes 

1 




21 

12 

0.4* 

4.33 


* Fricke’s cases had an average survival since treatment of -0.95 year; Evans and Leucutia’s of 2.5 years. 


two forms. The final impression is that irradiation not onlj'^ does 
not lead to a prolongation of life, but produces a shortening of life 
as compared to the values of Minot and Isaacs .22 There is still 
another point worthji of consideration: in the statistics of Minot 
and Isaacs,22 1.4 j^ears.was taken in the chronic forms of both the 
lymphatic and mj’^elogenous leukemia as the average period which 
has elapsed between the onset of the disease and the establishment 
of the first diagnosis. Since it cannot be said that patients are 
referred for irradiation any sooner, it would be perfectly proper to 
add the same figure to the final values of those Roentgen thera- 
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peutists who calculated the average period of survival of their 
patients from the time of the institution of the radiation therapy. 
With these corrections, we then find a rather close agreement 
between the various statistics as indicated in Tables 3 and 4. 


Table 4. — Analysis of Results in Myelogenous Leukemia. 


Author. 

Period. 

i 

Cases. 

Irradiation technique. 

Results. 

Untr. 

Alive. 

Lived. 

Died. 

Average 

survival 

since 

onset, 

yrs. 

5 

JTS. 

1 


Dose. 

Extent. 

Minot, Buckman, 
Isaacs, 23 1924 

-1924 

88 

No irradiation ' 

36 


18 

3 

■ 

3.04 

78 

Var. irradiation, chiefly radium 

3.5 

B 6 cl^re and 
B6clere,2 1913 

1904- 

1913 

93 

Benoist 9° | 

1 

4H fract. 

Spleen 

1 




1 

93 




20 



Spleen 





26 

2.5 

Schreiner and 
Mattick“1924 

-1924 

9 



Spleen 





9 

2.25 

Fricke,” 1928 

1915- 

1928 


1 Radium pack 

i 



! 




3.0* 

Rikl,!7 1930 

li'l 

tiil 


100 Kv., i Zn 

50% sun i 

; fract. 

Spieen 

•• i 

. . 


1 

i 

31 

1-4 

HoSmann and 
Graver,'* 1931 | 

1918- 

1930 

75 


Small 

Spleen 

• i i 
! 

4 

71 

3.36 

McAlpin, Golden, 
Edsall,™ 1931 

H 

24 

200 Kv., J Cu 

i SUD wkly. 

Spleen 

1 1 

1 

5 1 

j ; 

, _ I 


18 

3.0 

Nystroin,24 1931 

-1931 

54 

100 Kv., i Cu 

3 V SUD, 3-5 
wkly. 1 

Spleen 

Long bones 

1 

j 

1 



2.9 


1927- 

1932 





■ 

■ 

■ 

■ 

■ 


Finzi,'" 1932 

m 

38 



Spleen 

Long bones 
Chest 


i . . , 



i .. 

1 1.95 

1 

Arendt and Gloor,* 
1932 

1921- 

1931 

39 

170 Kv. 

4 Cu, Zn 

1 (M 0 %SUD 
Fract. AS 

Spleen 






4.1 



18 

140 Kv. 

4 mm. A1 

50% SUD 
fract, i 

i 

Spleen, occ. 
long bones 

■ 

■ 

■ 

1 

18 

3.3* 


* Frleke's cases had an average survival since treatwent of J.5 years; Evans and Leucutia s of 2.1 j'cars. 


It maj'^ be said, from a study of these statistics, including 420 cases 
of lymphatic and 683 cases of myelogenous leukemia, that: 

1. Radiation therapy increases the expectation of life in chronic 
lymphatic and myelogenous leukemia very little, perhaps with 
about J to j of the usual dwation without treatment. Several 
authors are of the opinion that the results are somewhat better 
in tlie myelogenous group than in the Ijunphatic group, but this is 
not at ail apparent if a careful separation of the acute from the 
chronic cases is made in the Ijunphatic group. In exceptional 
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instances (about 1% of the total) patients had a symptom-free 
life for a rather long period, the longest case in the lymphatic group 
having survived for 16 years and in the myelogenous group for 
16.5 years. Most of these cases, however, have shown an exceed- 
ingly clxronic nature from the beginning and they did not come to 
treatment until in the later stages of the disease, when the survival 
already exceeded the average period of life expectation. Thus^ if, 
on the basis of the above statistics, it cannot be said that radiation 
therapy leads to a cure even in individual cases of leukemia, and 
if life is prolonged but little beyond the expected^ duration in the 
average case, the question arises whether irradiation has a raison 
d’Ure in the treatment of leulremias or whether one may be con- 
tent to produce palliation by other non-radiologic methods. A 
brief observation of the radiation effect should give the correct 
answer. In nearly every instance, the severe cases not excepted, 
a prompt and deWte response appears shortly after the first few 
seances of irradiation. The patients are rapidly relieved of their 
distressing sjTnptoms, start to gain gradually in weight and strength 
and within a few months are able to resume their work. From this 
moment on, with the aid of periodic check-up examinations of 
the blood formula as a guide, the good control of the symptoms 
can be continued by small series of irradiation given from time to 
time. It is said that the patient’s working efficiency is increased 
at least 60% throughout the entire course of the disease as a result 
of the radiation therapy, IVhether or not one accepts thi^ as a 
proven fact, there can be no doubt about the great comfort which is 
brought about in the great majority of the average cases, so that 
here, too, we may affirm unhesitatingly that radiation therapy 
forms the best method of treatment to be followed. 

2. There is virtual chaos concerning the technique of irradiation 
recommended. However, in view of the facts that palliation is 
all that can be produced and that some effect may be expected 
from every radiation, no matter under what circumstances and over 
which part of the body administered, this is not of great importance. 
Indeed, we see good results claimed from the medium penetrating 
rays (120 to 130 kv.) with larger doses (50% to 70% SUD) as 
well as from the harder rays (200 kv.) with smaller fractionated 
doses (10%^ to 40% SUD) and from the radium packs; whether 
the irradiation is made over the spleen, lymphatic system (espe- 
cially in IjTnphatic leukemia), long bones (especially in myelogenous 
leukemia), great vessels of the chest, bones of the thorax, kidneys, 
entire trunk or even the entire body in the form of teletherapy. 
From a study of the statistics, it appears safe and perhaps best 
to pursue the following course: (a) Lymphatic leukemia — the 
spleen is irradiated with either half erythema doses of medium 
penetrating or with smaller doses of harder Roentgen rays and 
the enlarged lymph nodes are treated simultaneously with the 
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harder rays by making use of the protracted fractionated method 
which is spaced so as to conform with the changes in the blood 
formula; (b) myelogenous leukemia— the spleen alone is treated by 
using half erythema doses of the medium penetrating or smaller 
doses of the harder rays. The series which usually extends over 
2 or 3 months is repeated at shorter or longer intervals depending 
on the blood formula, and only if no further response is obtained 
from the exposure of this organ is irradiation extended to the long 
bones or to the entire body in the form of teleroentgen therapy. 

3. The aim of the radiation therapy being to bring about a 
symptomatic relief and improvement in the general condition of 
the patient rather than the eradication of the leukemia as a disease, 
it is unnecessary, even harmful, to try to reduce tlie white cell count 
to normal or below normal. If the state of the patient is good and 
the white cell count is in the neighborhood of 10,000 to 30,000, 
the irradiation maj'^ be temporarily discontinued. Future treat- 
ment is then guided by the activity of tlie leukemia, controlled by 
periodic blood examinations and a strict surveillance of the gen- 
eral condition of the patient. As soon as there is recurrence of 
the splenic enlargement or of the tumefaction of the lymph nodes, 
an increase in the relative or total white cell count of the blood, 
excessive rise in the number of immature cells and, finally, deteriora- 
tion in the physical state of the patient, the irradiation is resumed. 
The anemia, which, as a rule, complicates the later stages of every 
leukemic, is treated by accessory methods, such as blood transfusions 
and arsenic, liver extract and ventriculin. 

Summary and Conclusions. The present study is based on an 
analysis of 2425 cases collected from the literature and of 129 cases 
personally observed. A rather close harmony was found in the 
dift'erent groups collected from leading institutions of various parts 
of the world and it may be said that irradiation forms the method of 
choice in all three tj^pes of lesions analyzed. 

(а) In lymphosarcoma, the 5-year survival amounts to 30% and 
the 10-year survival or cure to at least 10% to 15%. In the remain- 
ing the expectation of life is increased from 2| to years. The 
immediate results often are so prompt and decisive that they may 
be called “spectacular.” 

(б) In Hodgkin’s disease, the 6-year survival reaches 15% to 
33%, but the cases in the great majority remain carriers of the 
disease, necessitating frequent resumption of the irradiation. A 
10-year survival or cure occurs in 8% of the cases or less. In 
those who died within the first 5 years, the average expectancy of 
life was increased from 2 to 3^ years. The sjunptomatic improve- 
ment is nearly always marked but not so spectacular as in lympho- 
sarcoma. 

(c) No cure is believed to occiu- in leukemia as a result pf the 
irradiation. The prolongation of the average life duration is 
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likewise ratlier insignificant, perhaps with i to i of the natural 
expectancy, which is considered to be about 3| years in the chronic 
forms of both the Ijunphatic and the myelogenous ^ tjTie. _ The 
symptomatic improvement, however, is remarkable and it is believed 
that the efficiency of the patient is increased at least 60% through- 
out the major part of the duration of the disease. In the acute 
forms of leukemia not even a temporary improvement is observed. 

The results of teleroentgen therapy which was started a few 
years ago are not included in this article, but it is believed that 
they will not materially influence the above data. Likewise little 
improvement in the results is expected from the introduction of the 
Roentgen ray therapy with voltages above 200 k^^, except perhaps 
in certain well-selected cases of localized lymphosarcoma where a 
higher penetration is needed. 
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THE SYNDROME OP ACUTE AGRANULOCYTOSIS AND ITS 
OCCURRENCE AS A COMPLICATION OF 
KALA-AZAR. 
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(From the Department of Medicine, Peiping Union Medical College.) 

Agranulocytosis and malignant or idiopathic neutropenia are 
terms which have been used interchangeably to designate a rela- 
tively rare type of severe leukopenia which is chiefly characterized 
by an absence of, or a very marked decrease in the relative number 
of polj’-morphonuclear granuloc 3 d;es in the blood. This condition 
is not to be confused with simple leukopenia, a common state 
accompanying many diseases such as pernicious anemia, malaria, 
typhoid fever, and others. In these latter diseases there occurs 
frequently both an absolute and a relative decrease of polymorpho- 
Duclear leukocjdes, but this decrease is not marked and is of sig- 
nificance as a ^agnostic rather than as a therapeutic indicator. 

Leulcopenia of a chronic tjq>e and of a moderately severe grade 
with leukocjde counts of from 1500 to 5000 cells per c.mm. and 
with granulocytes of from 20% to 60% is the rule in kala-azar. 
Acute agranulocytosis, on the other hand, has not been reported 
as a complication of the disease. 

During the 8-month period from October, 1932, to June, 1933, 
there came imder om observation 26 consecutive patients who were 
proved to have kala-azar. Of these, 4 exhibited agranulocytosis as 
a complication of the disease. Because of the close similarity of 
these attacks of acute agranulocytosis to those of idiopathic agran- 
uloc^iic angina and because of the therapeutic problems involved 
we believe it is pertinent to report these cases in some detail. 

Case Reports. Case 1.— W. H. T. (No. 40207), a male college student, 
aged 20, was admitted to the general medical service of the hospital on 
Maj’- 4, 1933, because of fever of 2 weeks’ duration. Onset was gradual. 
Fever was accompanied by chilly sensations and general malaise. Slight 
epistaxis was noticed on the first day. Past and family liistories were 
irrelevant, except that 1 of patient’s siblings had had attacks of the schizo- 
phrenic tj’pe. 

Phj'^sical examination on admission showed few positive findings. The 
skin and mucous membranes were pale. The liver was barely palpable. 
The spleen was 15 cm. below the costal margin. Aside from a few dental 
fillings, the rest of the phj’-sical examination was not important. 

Laboratory findings on admission were as follows: Urine, normal. 
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Stool, normal except for the presence of ova of ascaris. Blood, red Wood 
cells, 4.44 millions per e.mm., with 9.4 gm. hemoglobin; the white blood 
cells’ were 1350 per c.mm., with 48% granulocytes. 

The diagnosis of kala-azar was proved by recovery of Leishman-Donovan 
bodies from the spleen and from the marrow of the sternum. N eostibqsan, * 
2.75 gm., divided into 11 doses, was given intravenously. The first 4 mjec- 



Fig. 1. Case 1. Showing the fluctuations in blood cells and a period of acute 

agranulocytosis. 

tions were given every day. The subsequent doses were administered 
every second, day. _ During the first 3 weeks of treatment, patient showed 
noticeaWe clinical improvement, although the anemia and leukopenia per- 
sisted (Pigs. 1 and 2). The polymorphonuclear neutrophils varied from 

Neostibosan-p-amino-phenyl stibinate of diethylamin, containing antimony in 
the pentavalent form. 
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44 to 56%. On May 29, 3 weeks after the beginning of the treatment, 
1 day before the last injection was due and after 10 days of normal body 
temperature, patient had diarrhea without blood or mucus in the stool. 
Only a few white blood cells were seen when the stool was examined under 
the microscope. Blood studies done on this day showed no appreciable 

6M. PENTNUCLEOTIDE 


MG. HE0ST1BO3AN 2 



Fig. 2. — Case 1. Showing the dramatic changes in relative values of granulocytes 

and monocytes. 


changes (red blood cells, 3.44 millions; hemoglobin, 10.6 gm.; white blood 
cells, 2450, mth 55% granulocjdes). Diarrhea continued and on May 31 
there was fresh blood in the stool. On careful questioning the patient 
stated that he felt more ill and that he experienced a sense of fatigue and 
exhaustion. The next day a drop in the total count of the granulocytes 
was observed (total white blood cell count, 1550; granubcj-tes, 5.3%). 
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On June 2, 4 days after the onset of the diarrhea, and the second day after 
the rapid decrease of granulocytes was discovered, the body temperature 
was raised to 38.6° C. (total wliite blood cell count, 1450 ; granulocytes, 1 %) . 

During the next few days the ^anulocytes completely disappeared from 
the peripheral blood and the patient was critically ill with sustained high 
body temperature (Figs 1 and 2) . A few small shallow ulcers were seen on 
the buccal mucous membrane on the fourth day of the agramdocytosis and 
there was enlargement of the regional lymph nodes. The diarrhea, how- 
ever, subsided. As soOn as the acute agranulocytosis was discovered, 
antimony was withheld and pentnucleotide,* 0.7 gm., was given intra- 
muscularly tmee daily for 7 successive days. At_ about the height of 
fever, the fifth day of the agranulocytosis, the patient became naentaUy 
disoriented, and a diagnosis of toxic psychosis was made. With the 
increase of the granulocytes in the peripheral blood, which was evident 
from the fifth day of treatment with pentnucleotide, patient’s body tem- 
perature came down and all signs of infection of the mucous membrane 
disappeared. Mental condition was also improved. 

Blood cultures, on May 14, June 6 and 9, were all sterile. Stool cultures 
for pathogenic organisms were negative on 6 occasions, while 3 examma- 
tions for protozoa and ova after the onset of the diarrhea were negative. 
Wassermann and Kahn blood reactions were negative. 

Summary. A patient with early kala-azar treated with Neosti- 
bosan developed agranulocytosis near the end of the course of 
treatment. No evidence of sepsis. The disease picture was com- 
plicated by the development of a psychosis. Treatment with pent- 
nucleotide given. Improvement in the blood and clinical pictures 
occurred. 

Case 2.— H. C. F. (No. 37879), a male college student, aged 28, was 
admitted to the general medical service of this hospital on October 25, 
1932, with history and physical and laboratory findings of kala-azar. The 
characteristic history dated back to 9 months, with insidious onset and 
gastro-intestinal disturbances. 

On admission, the red blood cells were 2.35 millions; hemoglobin, 7.05; 
and 1600 leukocytes (61% were granulocytes) (Figs. 3 and 4). 

The patient was treated with Neostibosan intravenously. A total of 
3.05 gm., divided into 13 injections, was given during a period of 3 weeks. 
The body temperature gradually came down to and stayed at normal 
levels until November 21, after the patient had received the 13th injection, 
when it rose to 39° C. During the whole course of the disease the patient 
stated repeatedly that he felt very tired. Prior to the rise in body tem- 
perature this feeUng of exliaustion was intensified. The patient complained 
of sore throat, but examination of the throat showed only some congestion. 
For the next 6 days there was agranulocytosis (Figs. 3 and 4), and patient 
was critically ill, with body temperature remaining above 39° C. No 
ulcers were seen in the mouth. The submaxiUary lymph nodes were 
enlarged and tender. On November 24 there was a furuncle on the bridge 
of the nose and another on the lobe of the left ear. On November 25, 
5 loose stools were passed, whereas until this time the patient had been 
constipated. Stools were black, contained mucus, many white blood cells 
and a few red blood cells. Patient was transfused twice, on November 26 
and 29, with 400 cc. of whole blood each time. With the improvement 
m the blood picture, the superficial infections gradually healed and had 
disappeared on November 29. The next day the body temperature became 

Pentnucleotide a mixture ot sodium salts of pentose nucleotide prepared from 
the ribonucleic acid of yeast. 
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normal. The recovery v^as uneventful, although the patient had a pro- 
tracted convalescence. 


Summary. A patient with clear-cut kala-azar, treated with 
Neostibosan, developed transient agranulocytosis at about the end 
of treatment. Had superficial infection of the skin and enlargement 



of the cerwcal lymph nodes vdthout evidence of sepsis. Two blood 
cultures and 5 stool cultures were negative. Transfused with whole 
blood. Recovery. 

Comment on Cases 1 and 2. These 2 cases present certain features 
in common. On admission both patients had moderate leukopenia. 


Fig. .3.— Case 2. Showing transient agranulocytosis during the course of studies on the blood cells. 
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Both were treated with the same compound of antimony, Neosti- 
bosan In both, a state of agranulocytosis was discovered 1 day 
before the last injection was due. Both were pi'ogressmg satis- 
factorily when the agranulocytosis developed. The granulocytes 
of the blood were totally absent in Case 1, a few were present in 



monocytes. 


Case 2. In neither was there any evidence of sepsis. Both patients 
had slight superficial infection mth enlargement of the cervical 
lymph nodes, coming on after the onset of agranulocytosis. Both 
had some intestinal symptoms and signs, simple diarrhea in Case 2 
and suggestive dysentery in Case 1. Pentnucleotide was given in 
Case 1 while blood transfusion was resorted to in Case 2. Both 
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patients had increases in the total white blood cell counts and 
percentages of granulocytes after the 5th day of the agranulo- 
cytosis. Both recovered from the transient agranulocytosis. 

Case 3. — C. M. M. (No. 38709), a female baby, aged 11 months, was 
admitted to the pediatric service of this hospital because of liigh fever of 
2 weeks’ duration. Past and family histories were irrelevant. On admis- 
sion the important physical findings were; (1) Moderately enlarged and 



Fig. 5. — Case 3. Showing recurrent agranulocytosis. Only the total white blood 
cell and differential counts are given. The hemoglobin values and the red blood ce)l 
counts did not show any significant change except as results of blood transfusions. 

injected tonsils; (2) palpable but non-tender cervical lymph nodes; (3) a 
small ulcer at the tip of the tongue; and (4) liver 3 cm. below the costal 
margin in the right midclatdcular line. The spleen was not palpable. 

The blood showed moderately severe anemia (hemoglobin, 6.9 gm.) and 
moderate leukopenia (total white blood cell count, 3900). Differential 
white blood cell count showed only 9% neutrophils, while the monocytes 
were as high as 48%. 

The patient’s course in the hospital was as follows; 

Januarj’’ 3 to 16, there was no change in the general condition; had a 
low-grade fever. 

January 17 to 21, corresponding to the period of agranulocytosis (Figs. 5' 
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and 6), there were high body temperature, reaching 40.6° C., swollen gums 
and enlarged and tender cervical lynaph nodes. . . , . 

January 22 to 31, improvement in blood and climcal pictures, but low- 

grade fever persisted. , , c r 

February 1 to 6, agranulocytosis and high fever recurred, bmear ot 
material obtained by puncture of liver showed a few Leishman-Donovan 
bodies. Spleen became palpable. There was again enlargement of the 
cervical lymph nodes. There was seen in the tliroat a white membrane, 



Fig. 6. Case 3. Showing marked fluctuations in the percentage values of granu- 
locytes and monocytes. 

not unlike that found in diphtheria. Smear from the membrane showed 
B. diphtherise, and patient was given 20,000 units of antitoxin intramus- 
cularly. 

February 9 to 12, membrane in the throat showed no progress. 

February 13 to 17 , fever and a rash appeared, which were diagnosed as 
serum sickness. 

February 20, lesions in throat healed. 

Blood transfusions in small amounts were given 3 times, with a total 
of 320 cc. of citrated blood. Treatment with Neostibosan was started on 
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February 3. Three blood cultures done at different intervals were all 
negative. Patient was discharged from the hospital on March 29, well, 
after receiving a total of 2.05 gm. of Neostibosan. 

Summary. An infant suffering from early kala-azar and without 
any treatment showed cyclic changes in the number of the granu- 
locytes in the peripheral blood. These fluctuations were accom- 
panied by appearance and disappearance of ulceration of the 
mucous membrane and rise and fall of the body temperature. 
Such changes were not observed after the institution of treatment 
for kala-azar. No evidence of sepsis. Recovery. 

Comment on Case 8. The spontaneous eyclic changes in the 
number of the granulocytes in the peripheral blood is of interest. 
During the period of observation the granulocytes were absent on 
2 occasions during 1 month. With the agranulocytosis there were 
elevation of the body temperature and ulceration in the mouth or 
throat with enlargement of the regional lymph nodes. The exact 
time relationship between the two was not clear-cut since daily 
blood counts were not done. Attention is called to the fact that the 
total white blood cell coxmt was never below 2500. On one occa- 
sion it was 4850 when the percentage of granulocytes was zero. 
This agranulocytosis was no longer observed after treatment with 
antimony was started. On several occasions after the beginning of 
recovery there occurred leukocytosis. 

Case 4.— L. W. C._ (No. 37685), a boy, aged 9i, was admitted to the • 
pediatric service of this hospital, on October 10, 1932, because of irregular 
fever, distention and a mass in the left upper quadrant of the abdomen for 
7 months, general anasarca for more than 1 month and dyspnea, palpitation 
of heart and slight productive cough for 1 week. No mention was made of 
bleeding from any source. Past and family histories were not important. 

On admission, patient was found to be very ill, with marked sub- 
cutaneous edema and ascites. There was light bleeding from the giuns, 
with beginning noma. The bases of the lungs were compressed and the 
heart was displaced upward. The spleen was 14 cm. and liver 2 cm. below 
the costal margin in the midclavicular lines. 

The laboratory findings on admission were as follows: Urine and stool 
showed no important abnormal changes. Blood: red blood cells, 2.66 
millions; hemoglobin, 7.1 gm. per 100 cc. of blood; white blood cells, 800. 
Differential white blood cell count showed complete absence of granulocytes. 
These counts were confirmed repeatedly. 

Smear of the material obtained from puncture of the spleen 2 days after 
admission showed munerous Leishman-Donovan bodies. Two days later 
the patient suddenly died of respiratory failure. 

Necropsy confirmed the clinical findings and the diagnosis of kala-azar. 
Because of the agranulocytosis, the blood-forming organs were of special 
interest. The spleen was tremendously enlarged (1060 gm.) and very soft 
in consistency. Its surface was smooth and bluish-gray in_ color. There 
were several deep notches along the medial margin. On section the surface 
was slightly swollen, with edges slightly everted. The pulp was grayish- 
red in color and a moderate amount of it could be scraped away. Neither 
the lymph follicles nor the trabecula were visible, the surface being homo- 
geneous in appearance. Microscopic examination of the sections revealed 
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large numbers of phagocytic cells scattered everywhere which contained 
many Leishman-Donovan bodies (Fig. 7). In the pulp there were also 
large numbers of small and medium-sized plasma cells, numerous small 
lymphoid cells and a few large lymphoblasts. The follicles contained 
fewer of the parasitized cells. Occasional follicles showed areas of scar 

tlSSU0 

The bone marrow of the ribs and vertebrae was dark red. The entire 
cavities of the femur and fibula on one side were filled with fairly solid, 
red marrow. Microscopically the marrow was very cellular. It showed 
large numbers of macrophages, containing many Leislunan-Donovan bodies 
(Fig. 8). There was also some phagocytosis of red blood corpuscles by the 
macrophages. There were fair numbers of medium-sized cells having 
rounded nuclei and weakly acidophilic cytoplasm, among which a few 
mitotic figures were present. Vei^ few late myelocytes and mature leuko- 
cytes could be found. Few eosinophilic leukocytes were present. The 
marrow was indeed poor in granulocytes. Plasma cells and small lymphoid 
cells were quite numerous. Megakaryocytes were present. Nucleated 
red cells were not conspicuous, although aU stages in development could be 
seen. 

There was moderate to slight general lymph node enlargement and many 
of the nodes were dark red in color. This redness was due to congestion 
in the blood capillaries and hemorrhage into the lymph sinuses. There 
was moderate hyperplasia of the reticuloendothelial cells and of the young 
lymphoid elements. Numerous plasma cells were present. No Leishman- 
Donovan bodies could be found either in the lymph nodes or the tonsils. 
This was surprising in view of the heavy infection in the spleen and bone 
marrow. 

Summary. An advanced case of kala-azar in a boy of 9. There 
were extreme leukopenia and total absence of granulocytes in the 
peripheral blood. Period of observation was short. The post- 
mortem findings showed tremendous proliferation of macrophages 
which had ingested the Leishman-Donovan bodies. The bone 
marrow was poor in granulocytes. 

Comment on Case 4- From clinical, laboratory and necropsy 
findings it is certain that this is a case of kala-azar. The extreme 
leukopenia and total absence of the granulocjTes are remarkable. 
Strong^ mentioned the fact that the reduction of neutrophils in 
kala-azar in children is more marked than in adults, for these 
cells may be decreased to 5% of the total wlfite blood cells. It is 
interesting to note that the smears obtained from antemortem 
puncture of the spleen and the sections of the spleen and bone 
marrow were packed full of big, phagocytic cells which contained 
the causative agent of kala-azar. Hu and Cash^ suggested that 
the anemia in kala-azar is myelophthisic in the sense that there is 
a crowding out of the blood-forming tissue by the tremendous 
increase of macrophages. We may speculate here that the extreme 
leukopenia and the total absence of the granulocytes from the 
peripheral blood may be, at least in part, the result of this process. 

Treatment of Acute Agranulocytosis, The treatment of acute 
agranulocytosis occurring as a complication of kala-azar or of pyo- 
genic infection, or as a part of the. disease agranulocytic angina, is 
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unsatisfactory. The mechanism of the development of agranulo- 
cytosis is not known and there is no specific tlierapy. It is always 
a problem whether or not to give transfusions of blood. It is not 
generally accepted that in agranulocytic angina they decrease the 
mortality significantly. In untreated cases of agranulocjdic angina 
the mortality is about 75%, whereas 64% of patients treated by 
means of transfusions of blood die.® It is conceivable that trans- 
fusions of large amounts of blood may act to depress the develop- 
ment of granulocytes in the bone marrow and, therefore, may be 
contraindicated. 

Exposures to small doses of Roentgen rays have been used in 
the treatment of agranulocytic angina by several investigators, 
notably by Friedemann and Elkeles.^ The collected series of cases 
by Taussig and Schnoebelen® reveal a mortality of 53% when this 
treatment was used. The administration of diphtheria antitoxin, 
antistreptococeus serum, injections of foreign proteins, of neo- 
arsphenamin, of liver extract and the use of various other remedies 
have their adherents, but the cases treated have been so few and 
so inadequately controlled that one cannot properly evaluate the 
advantages or disadvantages of such procedures. 

It has been known for many years that the administration of 
nucleic acid and some of its derivatives to animals will bring about 
an increase of neutrophils in the blood. Reznikoff^ has recently 
reported that certain derivatives of nucleic acid, the purine bases, 
adenin and guanin, when given intravenously to patients suffering 
from agranulocytosis, have the power of raising the peripheral 
neutrophil count. With such treatment, fully described by the 
author, a mortality of only 27 % is reported in a series of 35 cases. 

Jackson, Parker, and Taylor® have utilized another derivative of 
nueleic acid designated Pentnueleotide. In a series of 54 patients 
they experienced a mortality of 30%. 

We have treated 2 of our cases of acute agranulocytosis compli- 
cating kala-azar by intramuscular injections of Pentnucleotide, with 
satisfactory results in 1 (Case 1) and no apparent effect in the 
other (Case 3). 

It would appear from the above data that the administration of 
pentose nucleotide or of purine bases derived from nucleic acid offers 
by far the most satisfactory treatment not only for agranulocj'tic 
angina, but also for conditions of agranulocytosis the result of 
pyogenic infection or of chronic benzene poisoning. For details 
concerning the administration of these drugs the papers referred to 
should be consulted. 

There are certain other points in the general and local treatment 
of patients suffering from agranulocytosis which have been found 
of value and are tabulated below: 

1. Strict respiratory isolation from the onset. All attendants or 
visitors having recent respiratory infections should be excluded. 


Fig. 7.— Case 4. Photograph of section of spleen showing large number of Leishman- 
Donovan bodies within macrophages. ( X 1290.) 



Fig. S. — Case 4. Photograph of section of the bone marrow of the rib showing 
many Leishman-Donovan bodies -within macrophages. ( X 1290.) 
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,2. If the attack is associated with treatment by means of drugs 
(antimony, arsphenamins), such medication should be mthheld. 

3. Liquid or very soft solid diet containing generous amounts of 
cod-liver oil, orange juice and other essential food factors should 
be the diet of choice. 

4. Fluids should be taken in liberal amounts. 

5. Mild cleansing mouth washes at frequent intervals. The 
alternate use of hydrogen peroxid (1.5% to 3%) and of saturated 
solution of sodium perborate is recommended. 

6. Frequent painting of lesions of the mucous membranes with 
aqueous solution of gentian violet (1 %) seems to be of value. 

Although little is known concerning the etiology or the specific 
treatment of agranulocytic angina or of acute agranulocytosis of 
other origin, it appears that appropriate therapy with derivatives 
of nucleic acid may be a life-sa\dng procedure. 

Discussion. The condition of acute agranulocytosis as observed 
in the above cases is not merely an exaggeration of the usual state 
of leukopenia in kala-azar. It occurs as an unexplained phenomenon 
characterized by an abrupt and transient disappearance or marked 
decrease of the polymorphonuclear cells from the blood. This 
complication apparently bears no relation to the existing state of 
anemia or leukopenia. Neither does the relative number of neutro- 
phils existing in the blood prior to or after tlie subsidence of an 
attack of acute agranulocytosis have any apparent relation to tlie 
episode. 

Attention is called to a case reported by Tso'^ which differed from 
3 of the cases studied by us in that the latter exliibited acute agran- 
ulocytosis, whereas Tso’s case represented a more chronic and 
usually less severe granulocytopenia which, as Strong^ pointed out, 
occasionally occurs in children afflicted with kala-azar. The period 
of observation in our fourth case was too short to ascertain whether 
there existed acute or chronic agranulocytosis. It would appear 
from our studies that acute agranulocytosis in kala-azar is much 
more common than is ordinarily supposed. This may have some 
bearing on another complication of kala-azar, namely, noma or 
cancrum oris, winch not uncommonly occurs in patients suffering 
from this disease. It is conceivable that during the phase of acute 
agranulocytosis, which is unrecognized and untreated, the resistance 
. of the patient is so lowered that the appearance of noma as in our 
Case 4 with its rapid and extensive ulceration of the tissues is 
rendered possible. 

Agranulocytosis, in our experience, has been observed only in a 
few diseases. It is rare in aplastic anemia and in leukemia and is 
uncommonly encountered in the course of pyogenic infections, but 
occurs as the chief characteristic of the disease agranulocytic 
angina (Fig. 9). The agranulocj’tosis occasionally found associated 
with aplastic anemia and with leukeihia usually is gradual in onset 
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and is associated mtli a marked disturbance in the formation of all 
the structural elements which have their origin in the bone marrow. 
On the other^ hand, agranulocytosis, as it occurs in agranulocytic 
angina or during the course of kala-azar or associated vdth pyogenic 
infections, is acute in onset and usually is short in duration, ter- 
minating rapidly in death or recovery. The age and sex incidence 
of agranulocjdosis other than agranulocytic angina is not remark- 
able, whereas in the latter disease the sex is preponderantly female 
and the age is usually near that of the menopause. 
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Fig. 9. — Occurrence of agranulocytosis. 


The symptoms and clinical course of acute agranulocytosis as 
encountered in kala-azar and in certain rare cases of pyogenie 
infection are strikingly similar to those of idiopathic agranulocytic 
angina. Roberts and Kracke® have followed the changes in the 
number of granulocytes preceding and during attacks of agranulo- 
cytic angina. They found that increasing leukopem’a occurred 
about 4 days prior to the onset of the classical clinical symptoms 
and signs of the disease and that collapse may occur associated 
with the continued absence of the granulocytes from the blood. 
One of us® has observed in 2 cases of recurrent agranulocytic angina 
that increasing leukopenia with decrease of granulocytes often is 
the first manifestation of the relapse. However, if the patient is 
questioned carefully at this early phase of the disease, it is usually 
found that there exists an unexplained feeling of fatigue and weak- 
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ness. These symptoms become more intense as the degree of 
agranulocytosis increases and as its dm’ation is prolonged. 

The occurrence of acute agranulocytosis in patients under obser- 
vation suffering from kala-azar has rendered possible further obser- 
vations on these early symptoms and signs associated vdth the 
disappearance of granulocytes from the blood. Such obser\'ations 
have led us to the concept that there is a eharacteristic syndrome 
which may be associated with acute agranulocytosis (Rg. 10). This 
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Spontaneous or induced 
Remission 

1 . Increase of granulocytes 
gradual. over a period 
of from 5-10 days 
2. Disappearance of lesions 
3- Liability of further relapses 


Death as the result 
of toxemia or sepsis 

Fig. 10. — Syndrome of acute agranulocytosis as it occurs in agranulocytic angina, 
kala-azar and pyogenic infections. 


syndrome is less conspicuous when it occurs as a complication of 
kala-azar than when it is associated with agranulocj^tic angina 
ovang to the fact that attacks of the latter disease come on abruptly 
during a period of good health whereas the agranulocytosis of kala- 
azar occurs in patients who are already quite ill. 

The first clinical manifestations of this syndrome are weakness 
and a feeling of exhaustion coming on rather rapidly over a period 
of from 12 to 72 hours. "White blood cell counts at this period show 
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an increasing leukopenia YTtli a decrease in number of granulocytes. 
The symptoms become more intense and the leukocytes frequently 
decrease to from 500 to 2000 cells per c.mm. with a total absence of, 
or the presence of very few neutrophils. After from 24 to 96 hours 
more alarming symptoms appear, consisting of high fever, redness 
and tenderness of the mucous membranes, soon followed by'rapidlj^ 
extending ulceration accompanied by localized pain and marked 
general discomfort. Unless there occurs, either spontaneously or 
as the result of treatment, an increase in the number of neutrophils, 
the symptoms and signs progress and the patient succumbs often 
as the result of infection. On the other hand, if the leukopenia 
subsides and the granulocytes progressively increase before severe 
secondary infection has occurred, a remission takes place in which 
there is rapid recovery. 

The fact that in 2 of our cases acute agranulocytosis occurred 
during the course of treatment with Neostibosan and after the 
administration of a considerable amount of the drug suggests that 
the medication might have played some part in the precipitation 
of the attack. Recently 2 additional cases of acute agranulocytosis 
of kala-azar not reported in this communication, but which were 
comparable to Cases 1 and 2, have occiured.* The agranulocytosis 
in 4 of the 6 cases came on acutely near the end of the proposed 
course of treatment with Neostibosan. Because of this theoretic 
implication we have studied in animals the effects on the blood 
and blood-forming organs of large and repeated doses of Neostibosan 
and urea stibamin.f The report of this work vail be published 
elsewhere, but it may be stated here that no significant changes 
could be demonstrated in the blood of these animals. Further 
studies of additional cases may give some clue as to the etiology of 
the agranulocytosis, but at present no satisfactor5'^ explanation is 
available. 

Summary. Agranulocytosis occurred in 4 of 26 consecutive 
patients suffering from kala-azar. In 3 of these the agranulocytosis 
was acute, in 1 of which it was recurrent. The period of observation 
of the fourth case was too short to determine whether the attack 
was acute or chronic. Two additional cases were observed, but 
not reported in detail. 

Acute agranulocytosis is a common and previously unrecognized 
complication of kala-azar. It is only as the result of frequent and 
careful studies of the blood that this complication may be detected 
and appropriate treatment given. 

The treatment of acute agranulocytosis is discussed. 

* Since the preparation of this manuscript 2 additional patients have been observed 
in whom acute agranulocytosis has occurred as a complication of kala-azar. One of 
these 2 patients died during the attack on the _41;h day of the agranulocytosis and 
in spile of ^^gorous treatment with Pentnucleotide. 

t Urea stibamin — carbamid salt of p-amino-phenyl stibimic acid containing 
antimony in the pentavalent form. 
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A syndrome of acute agranulocytosis as it occurs in kala-azar, 
pyogenic infections and agranulocytic angina is described. 
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HEART DISEASE IN THE MIDDLE WEST.* 

(iNCrDENCE AND ETIOLOGY OF 1646 CASES AT THE COOK 
[County Hospital.) 

By Nathan Flaxalan, M.D., 

CUNICAIi ASSISTANT IN MEDICINE, LOYOLA UNIVERSITY SCHOOL OF MEDICINE 
AND MT. SINAI HOSPITAL, CHICAGO, ILL. 

Surveys of the incidence and etiology of the various forms of 
heart disease have been reported from a number of centers, but 
no detailed study has been made in the Middle West. Carr,^ in a 
brief summary of the files of the Cook County Hospital, reported 
that, in 1923, there were 1236 cases of cardiac disease with 325 
deaths. Gethner,® without submitting statistics, said that in 
Chicago, where everyone is under unusual strain, the increase in 
mortality from cardiovascular disease is 1| times greater than that 
of the whole United States. In 1932, the death rate was 1090 
per 100,000 population for the United States registration area.^i 
Heart disease led all causes and accounted for 19.2% of the deaths. 
Iliesman,^ in summing up the heart situation recently, stated that 
whether or not there is an alarming increase in deaths from organic 
heart disease, the fact that heart disease stands at the head of the 
list makes it a definite problem in health conservation in the sense 
that efforts should be made to postpone as late as possible death 
from this cause. 

This study covers a period of 18 months, from January 1, 1932, to 
June 30, 1933. The list of patients entering the Cook County 
Hospital under the diagnoses of organic heart disease, decompen- 
sated heart, auricular fibrillation, coronary sclerosis, mitral stenosis, 
endocarditis and similar cardiac diagnoses was obtained each 
day from the cards in the Admitting Room. Each patient was 

* Work done while an intern at the Cook County Hospital, Chicago, 111. 
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followed up as soon as possible to ascertain whether the diagnosis 
was correct. Practically all were submitted to individual study 
during the stay in the hospital. These figures represent only the 
incidence and etiology of heart disease in patients admitted to the 
Cook County Hospital. During this period, 235,193 patients 
applied for admission to the hospital and 95,629 (40%) were ad- 
mitted. In this group of admissions, 4600 (4.8%) entered with a 
cardiac diagnosis. A follow-up of these 4600 cases in the hospital, 
along with the locating of cardiacs in the wards with a non-cardiac 
admitting room diagnosis, revealed that only 1646 (1.7%) patients 
had definite organic heart disease. It is well to emphasize that 
these 1646 patients were admitted 2800 times to the hospital 
during the 18-month period. The criteria followed for the classi- 
fication and diagnosis of heart disease were those approved by the 
American Heart Association.^® Most of the criteria are definite 
except in cases which have a hypertensive or arteriosclerotic etiology. 
In this study all cases that presented clinically gross arteriosclerosis 
without hypertension were included in the arteriosclerotic group. 
Cases which presented evidences of myocardial insufficiency with 
hypertension and no clinical evidence of arteriosclerosis were in- 
cluded in the hypertensive group. All cases that presented both 
gross arteriosclerosis and hypertension were included in the group 
termed arteriosclerosis vdth hypertension. In this group it is very 
likely that the hypertension has no relation to the arteriosclerosis. 
These patients probably have outlived the hypertension and reach 
the stage where they develop arteriosclerosis. The term senescent 
or degenerative heart disease does not and should not include the 
hypertensive etiology. Hj^iertension appears to be a separate and 
distinct entity unrelated not only to arteriosclerosis but also to 
sj^ihilis, rheumatic heart disease and to thyrotoxicosis. 

Table 1. 

No. of patients and per cent. 

. 235,193 

. 95,629 (40%) 

9,276 (9.7% of admissions) 

22,942 (24% of admissions) 

4,303 (19% of medical admissions) 

1,898 (20% of all deaths) 

1,646 (1.7% of all hospital admissions) 
(7.2% of medical cases) 

971 
53 

622 (6.7% of all deaths) 

(14.4% of medical deaths) 

Autopsies 304 (16% of all autopsies) 

Incidence of Heart Disease. The 1646 cases of organic heart 
disease were 1.7% of the total hospital admissions and only 7.2% 
of the medical cases, a low figure and certainly no cause for great 
alarm (Table 1). On diseharge, 971 were improved, 53 unimproved 


General survey. 
Applied for admission 
Hospital admissions . 
Deaths, entire hospital 
Medical admissions . 
Medical deaths 
Total hospital autopsies 
Organic heart disease 

Improved .... 
Unimproved . 
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and 622 (38%) died in tlie hospital. This constituted 6.7% of all 
the hospital deaths from all causes and 14.4% of all the medical 
deaths. The basic cause for the high mortality was the economic 
situation of the patient. Many of these patients were discharged 
from the hospital well compensated and in good condition only to 
return within a month or 6 weeks in a terminal condition because 
they had to return to work to live or beeause they had no work and 
had great difficulty just living. 

Age Incidence. Of the white patients, 52.1% were between 40 
and 60 years of age. The common decades were the 6th for the 
white male and the 5th for the white female. Of the colored 
patients, 56.8% were in the 40-to-60-year group, but the 5th decade 
was the most common period for heart disease to occur in this group. 
Of the 1646 patients, 54% were in the 40-to-60-year group. 


T.'i.Bi.E 2 . — Percentage op the Age Groups. 


Ages. 

White. 

Colored. 

Both. 

M 

F 

D 


H 

F 

B 

% 

Totals. 

% 

14-20 . . 

19 

15 

34 

2.9 

5 

3 

8 

1.7 

42 

2.6 

21-30 . . 

30 

22 

52 

4.4 

24 

16 

40 

8.9 

92 

5.6 

31-40 . . 

87 

48 

135 

11.1 

54 

30 

84 

18.3 

219 

13.1 

41-50 . . 

190 

74 

264 

22.1 

117 

43 

160 

34.5 

424 

26.0 

51-60 . . 

305 

49 

354 

31.0 

82 

21 

103 

22.3 

451 

28.0 

61-70 . . 

203 

46 

249 

21.2 

43 

9 

52 

11.3 

301 

18.0 

71-80 . . 

72 

13 

85 

7.2 

12 

, 0 

12 

2.6 

97 

5.8 

81-90 . . 

10 

2 

12 

0.1 

1 

1 

2 

0.4 

14 

0.9 

Totals . 

916 

269 

1185 

100.0 

338 

123 

461 

100.0 

1646 

100.0 


Etiologic Factors. The most common cause was hypertension, 
alone or in combination with another factor. Table 3 indicates 
that it was present in 57% of the cases; in 53.6% of the white 
patients and 60.4% of the colored patients. The 4 main groups, 
hypertensive, arteriosclerotic, rheumatic and syphilitic involvement, 
accounted for 90% of the cases; 88.4% of the white and 94.5% of 
the colored patients. 

Arteriosclerosis. All of the 128 (7.2%) patients were 61 years 
and over, except 13 white males, 12 of whom were in the 51-to-60- 
year group and 1, the youngest, was 43 years of age. On discharge, 
75 were improved, 4 unimproved and 49 died in the hospital. 
Tv^enty-four autopsies were performed. In spite of the advanced 
age of most of these patients the hospital mortality was only 39%. 

Arteriosclerosis With Hypertension. Gross arteriosclerosis with 
blood pressure readings above 150/100 was found in 163 (9.9%). 
All of these patients, except 12, were above 61 years of age. Prob- 
ably these patients have outlived the damaging effects of the hyper- 
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tensive state and reached the age where the arteriosclerotic changes 
began to manifest symptoms clinically. On discharge, 99 were 
improved, 7 unimproved and 56 died (34%). 

Subacute Bacterial Endocarditis. There were 42 patients (2.7%) 
with this affection, although 2 patients had the endocardial infec- 
tion other than of the valve. One had involvement of the left side 
of the interventricular septum with perforation into the right 
ventricle, and the other had a verrucous aortitis superimposed upon 
a syphilitic aortitis. The ages varied from 14 to 70 years. Four 
patients were discharged from the hospital, all after long periods 
of time. Thirty-eight patients died in the hospital (90%), with 
autopsies on 35. 


Table 3. — Percentage of Etiologic Factors in This Study. 




White. 



Colored. 

Both. 


M 

F 

T 

% 

M 

F 

T 

% 

T 

% 

Arteriosclerosis 

101 

18 

119 

10.0 

7 

2 

9 

1.9 

128 

7.2 

Arteriosclerosis with hy- 
pertension .... 

118 

is' 

133 

11.1 

27 

3 

30 

6.6 

163 

9.9 

Bacterial 

22 

10 

32 

2.9 

3 

7 

10 

2.1 

42 

2.7 

Pulmonary emphysema . 

23 

2 

25 

2.1 

1 

0 

1 

0.2 

26 

1.6 

Hypertension .... 

376 

105 

481 

40.5 

163 

60 

223 

48.5 

704 

43.0 

Rheumatism .... 

134 

81 

215 

18.3 

20 

23 

43 

9.4 

258 

15.8 

Rlieumatic with hyperten- 
sion 

6 

3 

9 

1 0.7 

3 

2 

5 

1.0 

14 

0.9 

Syphilis 

75 

2 

, 77 

6.5 

92 

12 

104 

22.8 

181 

10.9 

Syphilis with hypertension 

12 

3 

15 

1.3 

13 

7 

20 

4.3 

35 

2.2 

Thyrotoxic .... 

18 

18 

36 

3.0 

2 

6 

8 

1.6 

44 

2.6 

Unknown 

26 

2 

28 

2.3 

3 

0 

3 

0.6 

31 

1.9 

Miscellaneous .... 

5 

10 

15 

1.3 

4 

1 

5 

1.0 

20 

1.3 

Totals 

916 

1 

j269 

1185 

100.0 1 

338 

123 

461 

100.0 

1646 

100.0 


Pulmonary Emphysema. The etiologic factor appeared to be 
confined to the white patients as a cause of myocardial insufficiency. 
Of 26 patients (1.6%), only 1 was colored. In practically all of 
these patients the emphysema was the result of a dusty occupation 
over a period of many years. The hospital mortality was 50%, 
and autopsies were performed in 8 of the 13 cases. 

Hypertension {Without Gross Arteriosclerosis). This factor ac- 
counted for 43% of the cases alone and was present in 57% of all 
the cases. On discharge, 448 patients were improved and 18 unim- 
proved. There were 238 deaths (32%). Only 88 autopsies were 
performed which, if considered alone, would not give a true picture 
of the part hj'pertension takes in the etiology of heart disease. 

Rheumatic Heart Disease. The largest number of these 258 
patients (15.8%) were in the 4th decade. There were 76 deaths 
(30%) and autopsies were performed in 32 cases. 



plaxman: heart disease in the middle west 643 

Rheumatic Heart Disease With Hypertension. This group of 14 
patients were not unlike the above group except that the blood 
pressure readings were above 150/100. There were 6 deaths (43%), 
and autopsies confirmed the diagnoses. 

Syphilitic Heart Disease. This appeared a decade earlier in the 
104 colored patients than in the 77 white patients. On discharge, 
78 patients were improved, 1 unimproved and there were 102 deaths 
(56%). 

Syphilitic Heart Disease With Hypertension. This combined eti- 
ology, present in 35 cases (2.2%), had a mortality slightly lower 
than the prewous group. There were 18 deaths (51%), and 
autopsies were performed in 15 cases. 

Thyrotoxic. Forty-four patients (2.6%) presented cardiac symp-* 
toms and findings on a thyrotoxic basis; 13 patients died in the 
hospital (30%). 


Table 4. — Percentage of Heart Disease Previously Reported. 


Hospital or city and year. 

Hospital 

admissions. 

Medical 

admissions. 

Autopsy 

records. 

% 

Galveston, Texas, 1920-1926 . 

25,816 



3.5 

Massachusetts General,” 1926 . 

8,226 

2,766 

. . . 

6.0 

18.0 

Cincinnati,! 1926 

9,570 

» • • 


7.2 

Pacific Northwest,® 1928 .... 

28,661 

13,258 


12.0 

26.0 

Salt Lake City,” 1927-1930 . . . 

16,519 

. . . 


2.9 

Galveston, Texas,®® 1927-1930 . 

... 



3.3 

16.3 

Vanderbilt Univ. Hospital,®® 1931 . 

• « • 

» • • 


4.1 

Cincinnati,® 1927-1931 


. . . 

2344 

17.0 

Detroit,® 1932-1933 



1535 

20.0 


Thyrotoxic With Hypertension. Seven patients had hypertension 
in addition to the thyrotoxic heart disease. Neither factor seemed 
to have any relation to the other. Three patients were discharged 
as improved, 3 as unimproved and 1 male died in the hospital. 

Unknown. In a group of 31 cases (1.9%) no known etiologic 
factor or factors were evident to account for the myocardial ins nffl - 
ciency. Five autopsies were performed of 8 deaths, and the etiology 
in these cases remained undisclosed. In all studied statistics of 
this type a small group of patients presented myocardial insuffi- 
ciency to which no known etiologic factor could be attributed. 

Miscellaneous. This included 4 cases of myocardial insufficiency 
attributable- to anemia, 3 cases of congenital heart disease, 1 each 
of diphtheria, scarlet fever and toxic myocarditis, the 3 female 
patients with myxedema and the 7 patients previously mentioned 
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who had thyrotoxic myocarditis with hj^iertension. Only 1% of 
the cases of organic heart disease fall into this group. 

Comment. For large general hospital admissions the incidence of 
organic heart disease varies from 1.7 % for the Cook County Hospital 
to 12% for' the Pacific Northwest. The latter figure is high, as 
Coffen® indicated, because hospital records are only satisfactory as 
to the incidence of cardiovascular disease as compared with the 
total medical admissions. The incidence was, of course, greater 
where only the medical admissions were considered, the lowest, 
7.2%, at the Cook County Hospital and the highest was 26% from 
the Pacific Northwest.® 


Table 5. — Comparative Reported Percentage of Etiologic Factors. 


Locality. 

Arterio- 

sclerosis 

Bac- 

terial 

Hyper- 

tension. 

Rheu- 

matic. 

Sjph- 

ilis. 

Thyro- 

toxic. 

Total 

cases. 

Boston^ 

15.5 

0 

19.5* 

46.4 

10.6 

0.1 

600 

New England^' 

23.1 

0 

0.1 

44.5 

9.0 

0.0 

1001 

Virginia and Boston^' 

7.3 

0 

46.0 

22.0 

21.4 

0.0 

623 

Galveston, Texas'^ 

13.7 

1 .5 

47.7 

7.3 

19.3 

1.3 

915 

New En^and^‘ 

35.7 

1 .9 

29.2 

39.5 

3.9 

2.9 

2421 

Pacific Northwest' 



56.0 

1.0 


6.1 

3488 

Salt Lake City'' . 

21.1 

6.2 

14.9 

44.0 

1.1 

9.3 

867 

Cincinnati' .... 

41.0 

9.0 


3.0 

14.0 


398 

Galveston'' .... 

20.2 


57.2 


12.7 



Detroit' 

15.0 

13.6 

40,0 

11. 0 

6.0 


1535 

Newtyork State' . 

8.8 

« • . 

20.1 

27.2 

4.6 


1934 

Tennessee" .... 

68. Of 


68. Ot 

10.3 

6.0 

^ . 
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Washington, D. C.' . 

19.0 

1.4 

55.6 

6.0 

10.0 

2.5 

1200 

Chicago (this study) . 

17.1 

2.7 

43.0 

16.7 

13.1 

2.6 

1040 


* Classified as nephritic in the original study, 
t Arteriosclerotic-hypertensive group combined. 


The most common age group was the 40-to-60-year period. The 
average age was 53 years for the white patients and 44 years for the 
colored patients. There were a negligible number of patients 
between the ages of 14 and 20 years, but from this age upward 
the number of patients with heart disease gradually increased until 
it reached the peak in the 50-to-60-age group. In this decade, 
hjTiertensive and syphilitic heart disease were at their height, 
rheumatic heart disease took its toll of those that had suffered in 
the past decade and arteriosclerotic heart disease was beginning 
to manifest itself. 

The outstanding etiologic factor in the causes of heart disease in 
the adult is hypertension. Comparative study of 14 such surveys 
from the United States give hj^iertension as the leading cause in 
8 of the 14 reports Rheumatic heart disease is given as the leading 
cause in 5 and arteriosclerotic heart disease in the other report. 
Three reports from the New England States®'^®-!’' give rheumatic 
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heart disease as the leading cause, as do one each from the Rocky 
Mountain region^ and the state of New York exclusive of New 
York City.® Arteriosclerotic heart disease, as the leading cause, is 
based on autopsy statistics from the Cincinnati General Hospital.® 

The next important cause is arteriosclerosis and, with hyper- 
tension, is the main cause in most reports. Rheumatic heart 
disease follows these in frequency, and syphilis is the fourth impor- 
tant cause. Other factors are present in only a small number of 
cases. It is apparent that statistics on the incidence and etiology 
of heart disease must be classified on a better basis. The most 
representative statistics are those based on large general hospital 
admissions. In spite of the low value generally conceded to vital 
statistics and the high value placed on autopsy figures, the per- 
centage of recorded heart disease is approximately the same. Vital 
statistics place the percentage of deaths due to organic heart disease 
at 20%. Autopsy figures from four large general hospitals give an 
average of 18%. 

Summary. 1. The incidence of organic heart disease at the Cook 
County Hospital for the 18-month period, from January 1, 1932, to 
June 30, 1933, was 1.7% of the total hospital admissions and 7.2% 
of the medical admissions. 

2. Of the 1646 patients, 38% died in the hospital during the 
stated period; this was 6.7% of the hospital deaths and 14.4% of 
the medical deaths. 

3. In this study the common age for heart disease was the 40-to- 
60-year period; it occurred most frequently in the 6th decade in 
the white patients and in the 5th decade in the colored patients. 

4. Hypertension was the most common cause of organic heart 
disease regardless of the race or sex. 

5. Arteriosclerotic and rheumatic heart disease were more common 
in the white patients. 

6. Syphilitic and hypertensive heart disease were more common 
in the colored patients. 

7 . Arteriosclerotic heart disease was 5 times more common in the 
white patients. 

8. Pulmonary emphysema as a cause of myocardial insufiiciency 
was practically confined to white males, 

9. Rheumatic heart disease was twice as frequent in the white 
patients. 

10. Syphilitic heart disease was 4 times as frequent in the colored 
patients. 

11. Hypertensive, arteriosclerotic, rheumatic and syphilitic heart 
disease accounted for 90% of the cases of organic heart disease. 

I am very fateful to Dr. Italo P. Volini for encouragement and suggestions, to 
an my fellow mtems for their cooperation and to Dr. William Brams for criticism in 
the preparation of the manuscript. 
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A STANDARDIZED EXERCISE TOLERANCE TEST FOR 
PATIENTS WITH ANGINA PECTORIS ON EXERTION.* 

By Joseph E. F. Riseiman, 

ASSISTANT IN MEDICINE, BAKVABD MEDICAL SCHOOL AND BETH ISBAEL HOSPITAL, 

AND 

Beatrice Stern, 

RESEARCH ASSISTANT, BETH ISRAEL HOSPITAL: BOSTON, MASS. 

(From the Medical Research Laboratories of the Beth Israel Hospital and the Medical 
Department of the Harvard Medical School.) 

Although our knowledge of angina pectoris has increased con- 
siderably since its first description by Heberden.^ the diagnosis still 
rests entirely upon a careful evaluation of the patient’s own descrip- 
tion of his subjective sensations. We have at our disposal few or 
no objective criteria with which to confirm the diagnosis: physical 
examination and Roentgen ray of the heart may reveal nothing of 
diagnostic importance; the electrocardiogram may be perfectly 
normal in some cases, while in other instances trivial variations 
may be of unrecognized significance.- Although the tj^iical symp- 
tom complex is easily recognized, there are variations which are 
, important, taxing the judgment of the most able clinicians. It is 
not surprising, therefore, that patients vdth angina pectoris are 
often incorrectly treated for peptic ulcer, neuritis or other diseases, 

* This study was aided by a grant from the William W. Wellington Memorial 
Research Fund of the Har\mrd Medical School. It is the thirteenth study of the 
treatment of patients with congestive heart failure and angina pectoris by total 
ablation of the thjTDid. 
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or that many patients supposedly suffering from angina pectoris 
really have no organic heart disease. 

In addition to the pitfalls in diagnosis, there are difficulties in 
estimating accurately the severity of the disease, in evaluating the 
progress of the condition and the results of therapy. These difficul- 
ties arise from the variability of the condition under which attacks 
are precipitated in daily life, their irregularity in frequency, the 
effect of suggestion, the subconscious self-imposed limitation in 
activity and the necessity of relying entirely on the patient’s 
impression. In many individuals temporary improvement occurs 
during the warm months and may be interpreted erroneously 
as the result of therapy. 

Because observation of the patient dmlng an attack would be 
helpful in diagnosis, certain methods of precipitating anginal attacks 
have been proposed during recent years. The subcutaneous injec- 
tion of epinephrin^ is not without danger^ and may produce anginal 
attacks in patients not afflicted with this condition.^ The precipita- 
tion of attacks by the production of anoxemia® is undoubtedly of 
diagnostic value. Neither method produces anginal attacks under 
conditions which have a close clinical counterpart, nor do they 
permit accurate evaluation of the severity of the spontaneous attacks 
or of the ease with which they are precipitated in daily life. Wayne 
and La Place'' have recently reported studies on angina pectoris of 
effort, thus utilizing a physiological stimulus which normally causes 
anginal attacks. 

Early in 1933, in connection with the treatment of patients 
with angina pectoris by total ablation of the thyroid gland, we 
were confronted with the necessity of confirming the diagnosis of 
angina pectoris, of determining the severity of the symptoms and 
of evaluating the benefits of this therapeutic measures.® A simple 
and safe method was sought for the production of anginal attacks 
under conditions comparable to those producing attacks in daily life. 
Such a method to be of value in diagnosis should precipitate angina 
pectoris in the vast majority if not all patients with this condition, 
but should not cause attacks in patients not suffering from this 
disease. To be of help in the evaluation of therapy, the method 
should give objective evidence of the patient’s condition and should 
yield substantially the same results on repetition. 

Although attacks of angina pectoris may occur when the patient 
is at rest or even asleep, the majority of patients develop angina 
on exertion or emotion. The influence of the mental state of the 
individual is of undoubted importance, but this factor is difficult to 
measure or reproduce. The amount 'of exercise which precipitates 
an attack in a given individual appears to vary considerably from 
time to time; but the clinical histories of these patients suggest 
several possible causes for these variations. These include type 
and rate of exercise, temperature of the environment, excitement, 
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food, medication, recent attacks of angina and recent exertion. We 
have studied the influence of each of these factors, and on the basis 
of these studies have evolved a method for the production of anginal 
attacks which seems to fulfill the requirements outlined above. 
This method has been in use for over a year and has given satisfac- 
tory results. Our first experience with the test has been reported.® 
The purpose of this communication is to describe the method in 
detail and to report the results of our studies to date. 

Factors Which Influence the Patient’s Exercise Tolerance. Type 
of Exercise. The type of exercise used in an exercise tolerance test 
should be one with which the patient is familiar and which requires 
little or no training. The bicycle ergometer in our hands has given 
quite variable results presumably because the ordinary hospital 
patient is not accustomed to this tjqje of exercise and, therefore, 
requires considerable training and practice before he can perform 
the work satisfactorily. This is especially true of patients in the 
age group in w^hich angina pectoris is most frequent. 


Table 1. — The Amount of Work Necessary to Produce Angina Pectoris on 
THE Two-step Staircase Compared With the AitouNT Necessary 
W’'hen Exercising on Ordinary Flights of Stairs. 


Case 

No. 

Weight, 

pounds. 

Two-stop staircase (each trip 

18 inches high). 

Ordinary staircase (each flight 20 to 
22 steps, each step 7J inches high). 

Temp. 

"F, 

Amount of work. 

Temp. 

°F. 

Amount of w 

ork. 

Trips. 

Foot pounds. 

Flights. 

Steps. 

Foot 

pounds. 

3* . . 

173 

53-56 

12-13 

3,100- 3,400 

63-69 

2.8 

61 

6,250 

5* . . 

156 

52-58 

18-24 

4,200- 5,600 

77 

1.8 

37 

3,400 

6* . . 

147 

•58 

18-22 

3,950- 4,850 

78 

1.9 

41 

3,600 

9 . . 

110 

51-54 

22-26 

3,650- 4,300 

40-60 

7.0 

152 

10,000 

23 . . 

146 

46-51 

38 

8350 

48-64 

4.9 

103 

8,900 

26 . . 

165 

48-58 

36-45 

8,900-11,200 

52-54 

5.7 

124 

12,100 

21 . . 

169 

52-58 

34-38 

8,650- 9,650 

72 

9 

lS4t 

18,400 

29 . . 

143 

50-56 

58-66 

12.500-14.200 

72 

9 

lS4t 

15,700 


* In these individuals variation in temperature of the environment cansed no 
groat difference in the amount of work necessary to produce angina pectoris, 
t No attack of angina pectoris was produced. 


The ordinary staircase is unsuitable for exercise tolerance tests 
for several reasons. Exercise on a long staircase may precipitate 
severe angina when the patient is half w'ay up the flight, and so 
he may be temporarily unable to go up or dowm and be forced to 
rest on the staircase. Variations in the height of the steps, the 
length of the flights of stairs and the size of the landings prevent 
comparing the results obtained in different buildings. Furthermore, 
the number of stairs required (often 4 or more flights, Table 1) is 
not available in all buildings. Finally, the temperature of a stair- 
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well is difficult to regulate, especially during the summer months 
and, as will be.shown, the temperature of the environment in which 
the exercise is performed greatly influences the amount of exercise 
necessary to product an attack of angina. 

In order to overcome these objections we have used a two-step 
stau’case similar to that described by Master and Oppenheimer® 
(Fig. 1). The exercise of walldng up and down steps is familiar to 
the patient and requires no training. The amount of exercise can 
be varied readily. "When the patient develops an attack of angina, 
he can rest safely in the very room in which the exercise is per- 
formed. Being portable, the staircase can be moved readily to a 
room vdth regulated temperature. The number of foot pounds of 
work performed may be estimated roughly by multiplying the 
patient’s weight by the height of the staircase (IJ feet) and the 
number of trips performed. This is inexact, however, for it ignores 
the work done in descent of the staircase. 




Fig. 1. Dimensions of the two-step staircase. 


We have found that the majority of patients suffering from angina 
pectoris develop typical attacks when exercising on the two-step 
staircase under standard conditions. IVhen the test is repeated, 
the same amount of exercise invariably precipitates an attack in 
the same individual, providing the standardized conditions are 
reproduced. 

of Exercise. To obviate the necessity for training and to 
minimize the effect of excitement the patient is allowed to choose 
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liis own rate. The average speed of exercise for all patients was 
13 trips per mnute.* Only an occasional patient exercised at a 
rate substantially different. The rate for each indi\ddual was 
reasonably constant even when the test was performed at widely 
separated intervals of time (Table 2). Doubtless, exercise at much 
slower or faster rates would give different results. 


Table 2. — Comparison op the Results of the Standardized Exercise Toler- 
ance Test When Repeated After an Interval of 2 or More Months. 





Temp, of 

Duration of 

Amount of 

Rate of 

Case. 



room. 

exercise, 

exercise. 

exercise, 

No. 


Date. 

-F. 

mia. 

trips. 

trips per min. 

13 . 


4/ 3/33 

56 

1.5 

22 

144 



6/ 2/33 

51 

1.5 

22 

lU 

4 


5/ 5/33 

48 

1.3 

16 

12 



7/ 5/33 

56 

1.2 

13 

11 

30 . 


10/27/33 

53 

4.9 

63 

13 



12/22/33 

53 

5.3 

70 

13 

10 


10/27/33 

53 

2.0 

20 

10 



1/ 2/34 

60 

1.9 

19 

10 

11 


10/26/33 

50 

1.8 

20 , 

11 



1/11/34 

54 

2.0 

19 

94 

2 


5/15/33 

54 

1.3 

12 

94 



9/18/33 

66 

0.5 

6 

12* 

21 . 


4/17/33 

58 

3.0 

38 

124 



11/25/33 

62 

2.8 

36 

13 

24 . 

, , 

4/17/33 

58 

2.7 

40 

15 



12/22/33 

50 

3.7 

59 

16 


Excitement. Exercise on the two-step staircase is so similar to 
acts performed in daily life that the emotional factor is minimized. 
In 7 out of 30 individuals, however, we found that at the time of 
the first test angina was developed after considerably less exertion 
than at subsequent tests (Table 6). This discrepancj'^ was due 
presumably to excitement and existed only at the time of the first 
test. 

Temperature. The increased frequency of anginal attacks during 
the cold winter months is well recognized. Measurement of the 
amount of work that an indiwdual can perform in warm and cold 
atmospheres is presented in Table 3. Because of convenience, a 
Barach oxj^gen chamber was used in most experiments. The 
chamber was filled vath ordinary air and the temperature was 
maintained roughly between 45° and 55° P. A large refrigerator, 
of the tj'pe available in most hospitals and markets, was used in 
several tests. The results obtained in the oxj’^gen room and in the 
refrigerator were identical. 

• The temperature used did not cause shivering and was not uncom- 
fortable for the patients even when dressed in thin hospital attire. 
Our patients usually began to exercise vnthin 5 minutes after enter- 
ing the cold room. More prolonged exposure did not affect the 
results. None developed angina at rest in the cold room. 

* The term “trip,” as used here signifies one ascent and one descent of the stair- 


case, 
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Five of 15 patients showed striking differences in the amount of 
exercise necessary to precipitate angina at. different temperatures 
(Table 3). Two (Cases 26 and 29) did not develop attacks at room 
temperatures even though they exercised to the point of exhaustion. 
Two others (Cases 21 and 27) showed extremely variable results when 
exercising at room temperatures. Two of these 4 patients (Cases 21 
and 29) climbed 9 flights of stairs (average temperature, 72° F.) 
without angina. The flfth individual (Case 17) developed marked 
palpitation at room temperature, which prevented continuing the 
exercise to the point of angina. Each of these 5 patients invariably 
developed typical attacks of angina pectoris after relatively small 
amounts of exercise in the cold room. 


Table 3. — The Effect of Temperature on the Amount of Exercise Necessary 
TO Produce Angina Pectoris. 



Temp, of room. 

Amount of 
exercise, 


se No. 

°F. 

trips. 

Anginal attacks. 

1 ... 

.... 49-51 

9-11 

Present. 


62-64 

9-11 

Present. 

3 . . . . 

.... 53-56 

12-13 

Present. 


77-83 

15-17 ■ 

Present. 

4 . . . . 

.... 48-57 

13-15 

Present. 


79 

18 

Present. 

5 . . . . 

. . . . 52-58 

15-24 

Present. 


73-77 

20-24 

Present. 

6 . . . . 

.... 58 

18-22 

Present. 


74-76 

16-19 

Present. 

8 . . . . 

.... 48-56 

13-21 

Present. 


75-76 

13-21 

Present. 

13 ... . 

.... 50-56 

22-26 

Present. 

14 ... . 

77 

24 

Present. 

.... 46-48 

26-29 

Present. 

16 ... . 

82 

37 

Present. 

. . . . 48-56 

24-37 

Present. 

27 ... . 

79-81 

30-32 

Present. 

. . . 43^8 

53-57 

Present. 

28 ... . 

76-78 

• 44-78 

Present. 

.... 48-56 

58-66 

Present. 


79 

65 

Present. 

21* 

. . . 52-58 

34-38 

Present. 


75 

39 

Present. 


80 

76 

Questionable. 

v26 . . . . 

76 

100 

No attack. 

.... 48-58 

36-45 

Present. 


■ 81 

40 

No attack. 


• 76 

56 

No attack. 

29 

. . . . 50-56 

58-66 

Present. 


78 

100 

No attack. 

17 ... . 

78 

229 

No attack. 

. . . . 46-50 

29-30 

Present. 


75-76 

13-21 

Severe palpitation 
preventing fur- 
ther exercise ; no 
attack. 


hil^rioo (184 steps, each 7i inches 

tiigli) at 7.. F. witnout developing angina pectoris. 
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Effect of Meals. Patients frequently develop angina more readily 
after a heavy meal. Our standard tests have been performed 
either in the fasting state or at least 1 hour after a light meal. 
Under such conditions no important variations in the amount of 
exercise required to produce attacks were evident. Three patients 
were tested 20 minutes after a heavy meal. In 2 of these individuals 
the meal did not influence the amount of work necessary to precipi- 
tate an attack, whereas the third patient developed an attack after 
performing only about two-thirds of his usual amount of work 
(Tabled). 


Table 4. — The Effect of Food on the Number of Trips Necessary to Produce 


Case 

Angina Pectoris. 

1 hr. or more after 

20 min. after 

Fasting, 

light meal. 

hear-y meal. 

No. 

trips. 

trips. 

trips. 

8 . . . . 

15 

17-21 

13 

16 ... . 

27 

24-37 

25 

28 ... . 

66 

58-64 

42 


Table 5.— Comparison of the Amount of Work Required to Produce Anoina 
Pectoris Under Standardized Conditions and When the Test Wzs 
Again Performed After 5 to 10 Minutes’ Rest. 


Case Standardized teat, trips. 

No . 


let test. 2d test. 3d test. 


2 12 8 

4 13 20 

13 25 40 

19 35 46 

29 65 147 

66 154 98* 

58 150 8St 

2S 64 8 




* On hour after the preceding anginal attack, 
t Four hours after the preceding anginal attack. 


Effect of Medication. After taking nitroglycerin patients were often 
able to perform more exercise before developing an attack. For 
example, one of our patients (Case 30) who regularly developed 
angina after 63 to 70 trips was able to perform 100 trips 1 hour 
after taking a y-J-^r-grain nitroglycerin pill. 

Effect of Recent Attacks of Angma Pectoris. Many patients 
develop an attack shortly after going out into the cold, but there- 
after may be able to exercise outdoors for hours without experi- 
encing pain. Others find that the first attack predisposes them to 
subsequent attacks, while still others find that their tolerance for 
exercise is approximately the same at all times. ■ Similarly, prewous 
exercise or preceding attacks of angina pectoris affected the results 
of our tests. In 6 patients an attack of angina was precipitated, 
and after 5 to 10 minutes’ rest the test was repeated (Table 5). 
In 2 of these (Cases 2 and 4) the results of the second test were 
not significantly different from the first. Three others (Cases 
13, 19, 29) were able to do more work than was possible at any 
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other time. This was especially striking in one patient (Case 29) 
who was able to do between 2 and 3 times as much work as usual 
after he had experienced the first attack. This protective effect 


Table 6.— The Amount of Exercise Required to Precipitate Angina Pectoris 

IN 34 Patients.* 



Date of 

la 

«4-4 

o > 

- ^ 
a m 

o o 

(D 

Case 

No. 

Date of 

IH 

"i s 

(4-< 

P a 

o o 
1,.S2 

Case 

No. 

vGSt 

1933 and 
1934. 

” 2 

V o 

g 0“ 

iiratio: 

exerci 

min. 

mount 

cxerci 

trips. 

test, 

1933 and 
1934. 

t-t O 

a o 

io&^ 

.2*0 . 

■Sg.S 

sss 

moun 

exerc 

trips. 



E-i 

p 

<! 




p 


1 

. . 6/20 

51 

1.2 

9 

17 

. . 9/26 

47 

2.6 

30 


6/21 

49 

0.8 

11 


9/27 

46 

2.3 

29 

2 

. . 5/16 

54 

1.3 

12 


9/28 

60 

2.4 

29 


5/18 

46 

0.5 

6 

18 

. . 7/14 

55 

1.9 

28 

3 

. . 10/27 

53 

1.0 

12 


7/17 

58 

1.6 

24 


11/10 

56 

1.0 

13 


7/18 

58 

1.8 

32 

4 

.. 5/1 

54 


6 


7/19 

60 

1.8 

32 


5/ 5 

48 

1.3 

15 

19 

.. 11/6 

44 

1.5 

19 


7/ 3 

57 

1.2 

13 


11/ 8 

49 

2.3 

35 


7/ 5 

56 

1.2 

13 


11/20 

56 

3.6 

31 

5 

. . 11/10 

58 

1.2 

15 

20 

. . 12/28 

53 

1.9 

36 


11/20 

58 

2.2 

24 


1/ 2 

48 

2.4 

32 


11/27 

52 

1.4 

18 


1/ 4 

48 

2.5 

36 

6 

.. 11/10 

58 

1.8 

22 

21 

. . 4/17 

58 

3.0 

38 


11/20 

58 

1.5 

18 


11/ 4 

52 

2.0 

34 

7 

. . 11/27 

52 

1.2 

16 


11/25 

62 

2.8 

36 


11/28 

56 

1.6 

21 

22 

. . 10/23 

50 

2.6 

37 


11/29 

55 

1.8 

23 


10/28 

65 

4.0 

47 

■ 8 

.. 11/15 

55 

2.2 

18 

23 

. . 12/11 

46 

3.4 

38 


11/16 

SO 

2.1 

21 


12/26 

51 

3.1 

38 


11/17 

48 

1.6 

17 

24 

. . 4/17 

68 

2.7 

40 


11/20 

56 

1.2 

15 


12/22 

50 

3.5 

59 


11/21 

55 

1.2 

13 

25 

. . 10/27 

63 

■ 2.7 

30 

9 

. . 12/1 

51 

1.1 

22‘ 


10/30 

47 

6.4 

44 


12/26 

51 

1.2 

23 


12/30 

52 

6.5 

56 


1/11 

54 

1.0 

26 


1/13 

45 

4.0 

50 

10 

. . 10/27 

53 

2.0 

20 

26 

11/10 

58 

4.0 

40 


12/22 

52 

1.7 

17 


11/24 

52 

3.7 

36 


1/ 2 

50 

1.8 

19 


1/ 2 

48 

3.9 

45 

11 

. . 10/23 

50 

2.4 

25 

27 

. . 10/4 

46 

2.8 

39 


10/25 

46 

1.8 

20 


10/ 5 

43 

4.2 

57 


1/11 

54 

2.0 

19 


10/ 7 

48 

3.8 

53 

12 

. . 7/17 

55 

2.0 

21 


10/ 9 

45 

3.9 

56 

13 

7/18 

68 

2.3 

21 

28 

.. 11/16 

50 

2.9 

58 

.. 4/3 

56 

1.3 

22 


11/17 

48 

2.9 

64 


4/29 

53 

1.7 

22 


11/20 

56 

3.3 

66 


4/30 

63 

2.2 

25 

29 

.. 3/2 

56 

4.4 

65 


5/ 1 

51 

1.8 

26 


3/12 

50 

4.3 

66 

14 

6/19 

50 

1.5 

22 


3/13 

50 

3.8 

58 

. . 10/23 

60 

0.8 

8 

30 

. . 10/27 

53 

4.9 

63 


10/28 

46 

2.1 

26 


12/22 

53 

5.3 

70 


11/ 2 

48 

2.1 

29 

31 

. . 10/23 

50 

0.5 

1 

15 

11/ 3 

48 

2.1 

26 

32 

. . 11/10 

48 

3.8 

33 

. . 10/27 

53 

1.3 

22 

33 

. . 11/10 

58 

3.8 

33 

16 

11/20 

68 

2.3 

34 . 

34 

. . 10/26 

49 

2.6 

34 

.. 11/15 

65 

1.9 

24 






11/16 

. 50 

2.5 

29 







11/17 

51 

3.0 

37 







11/18 

48 

2.3 

27 







11/21 

56 

1.8 

25 







There were 27 males and 7 females, with ages varying from 41 to 72. 
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apparently lasted for several hours. In this indi\ddual severe exer- 
cise even without the development of an attack apparently had 
some protective effect. The sixth patient (Case 28) found that on 
repetition of the test he was able to do only about one-eighth as 
much work as he usually could accomplish. 

A Standardized Exercise Tolerance Test, With a Imowledge of 
the physiologic conditions which cause variations in the amount 
of exercise necessary to produce an attack of angina pectoris, it is 
possible to standardize these conditions so that the amount of 
exercise necessary to produce an attack serves as an index of the 
severity of the patient’s illness. Reproduction of these standardized 
conditions enables one to test the patient under identical conditions 
regardless of season or climate, and makes it possible to evaluate 
the results of therapy. This is the basis of the standardized exercise 
tolerance test used at the Beth Israel Hospital during the past year. 
These standardized conditions reproduce the environmental situa- 
tion which gives rise to angina pectoris in daily life and so permit 
personal observation of the clinical signs and symptoms under 
controlled conditions. 

Method. The test is performed in a room, the temperature of which 
is adjusted to between 45° and 55° P. The patient is tested at least 
1 hour after a light meal or before breakfast on a day during which he 
has not experienced an anginal attack. The results are compared with 
single tests on other days. In patients who have several attacfa during 
the day, it may be necessarj'- to perform the test despite recent angina. 
In such individuals, repetition of the test at several subsequent dates mil 
reveal whether or not constant results can be obtained under such conditions. 

The exercise consists in repeatedly walking up and down the turn-step 
staircase described above (Fig. 1), at a rate which is usual or comfortable 
for the patient. Dizziness is avoided by having the patient turn toward 
the same wall at the completion of each trip on the staircase. 

The patient continues the exercise until he develops an attack of angina 
pectoris severe enough to cause him to stop. The munber of times the 
patient mounts the staircase, that is to say, the number of trips performed, 
is recorded wth a tally coimter. The rate and the duration of the exercise 
are measured wdth a stopwatch. 

Eesults. During the past year over 500 attacks have been studied 
in 57 consecutive patients, diagnosed as suffering from angina pec- 
toris. Each of the individuals had been studied previously either 
in the Out-Patient Department or on the medical w'ards of the 
Beth Israel Hospital. The diagnoses had been made by various 
members of the hospital staff and had been based entirely on the 
clinical findings. In 4 of these patients it urns impossible to perform 
the test because of infirmity or lack of cooperation. The remaining 
53 indhdduals wmre able to exercise wdthout difficulty, even though 
many had been restricted in acthdty for years. 

Analysis of Positive Results. Exercise under the standard condi- 
tions precipitated attacks of angina pectoris in 34 indmduals 
(7 w'omen and 27 men. Table 6). The amount of exercise necessary 
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to produce an attack varied in the different individuals. In most 
instances (22 cases), 20 to 40 trips were necessary. The sequence 
of events during exercise was uniform. After a certain amount 
of exercise the patient began to experience discomfort, which was 
not intense and did not interfere with continuation of the exercise. 
Frequently, at this time, the patient’s expression became anxious 
and occasionally one hand reached involuntarily toward the sternum. 
Within 2 to 10 trips after the onset of these symptoms, the discomfort 
increased rapidly, and suddenly became so intense that the patient 
was forced to stop. This point was quite definite and was taken 
as the end point of the test. 

The patients always stated that the attacks produced were 
identical with those experienced in daily life. Observation and 
questioning of the patient at the time of the attack frequently 
brought to light details which were unobtainable in the usual clinical 
liistory. The distribution and character of the pain could be 
determined definitely and accurately. The duration of the attack 
could be measured. 

There have been absolutely no untoward effects from the exercise 
or the induced attacks. Dyspnea was usually quite marked at the 
onset of the attack, but cyanosis, pallor or flushing were not observed. 
In a few individuals the pain increased in severity after the exercise 
had been stopped. These were the only persons who required 
nitroglycerin to secure relief from the attack. Some individuals 
experienced headache rather than relief of chest pain after nitro- 
glycerin. In these persons, the attacks were of short duration 

to 1| minutes) and presumably subsided before the nitroglycerin 
had begun to act, so that only the unpleasant effects of the drug 
were experienced. 

The sudden development of pain, severe enough to cause the 
patient to stop, the motionless attitude of the patient during the 
attack, the anxious expression with hands pressed to the sternum 
and the prompt relief by nitroglycerin when administered gave 
objective evidence sufficient to establish the diagnosis of angina 
pectoris in the majority of patients. In other individuals careful 
questioning during or immediately after the attack was of great 
aid in establishing the diagnosis. It is hardly conceivable that 
patients not subject to attacks of angina pectoris should develop 
such symptoms under the physiologic conditions of this test. 

The number of trips necessary to precipitate an attack of angina 
pectoris gave insight into the frequency of attacks in daily life and 
indicated^ the severity of the patient’s illness. The intensity of 
the individual attack varied, however, in different individuals and 
was not related to the number of trips necessary to induce an attack. 

Constancy of Results. In 30 instances the standardized test was 
repeated one or more times on different days (Tables 2 and 6). The 
amount of exercise necessary to precipitate an attack of angina was 
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quite constant for each individual, even though the tests were 
separated from each other by several months (Table 2). In the 
analysis of the data the result of the first test was eliminated when 
it differed markedly from the results of subsequent tests, for, as 
has been demonstrated above, angina is frequently precipitated 
more readily at the time of the first test. . Of the 30 cases retested, 
20 showed a maximum variation of 6 trips in the amount of exercise 
necessary to precipitate angina pectoris. Four of the remaining 
10 cases showed a maximum variation of less than 10 trips, 2 showed 
checks within 12 trips and the remaining 4 had only 2 tests. 

Analysis of Negative Results. Of the 53 patients who performed 
the test, 19 did not develop angina pectoris when exercising under 
standard conditions. These patients illustrate the difficulties and 
dangers in making a diagnosis of angina pectoris on the basis of 
history alone. 

Group I. Patients Who Were Slmcn to Have No Angina Pectoris. 
Six patients developed symptoms on exertion which were identical 
with those for which they sought medical advice. Observation of 
these patients during the time that the symptoms persisted enabled 
us to evaluate their symptomatology more carefully than was pre- 
viously possible. Four of these patients complained of substernal 
“choking” on exertion. This was demonstrated to be dyspnea, 
due to emphysema. This dyspnea gradually developed and gradu- 
ally increased during the exercise, and subsided slowly thereafter 
with no precordial element and no radiation. A fifth patient devel- 
oped sharp sticking pains in the left midaxillary line which persisted 
less than 1 second and which did not prevent him from continuing 
the exercise to the point of exhaustion. In the sixth case it was 
demonstrated that the pain was not related to exertion and was 
present only when pressure was exerted on the 6th and 7th ribs 
in the axillary line. 

Group II. Patients Who Had Had No Recent Attacks of Angina 
Pectoris. Three patients who had clearly defined histories of 
angina pectoris had not experienced attacks for many months. 
In none of these individuals were we able to precipitate angina by 
the exercise tolerance test. One of these individuals had noticed 
the disappearance of anginal pain following coronary occlusion 2 years 
previously. Another patient had had 2 attacks of constricting chest 
pain about 1 year before the test was performed, but since that 
time he had been entirely free from pain despite the fact that his 
occupatipn (peddler) necessitated climbing many fiights of stairs 
every day. The third patient experienced no anginal pain, either 
spontaneously or induced, during 4 months of observation. 

Group III. Patie7its in Whom the Diagnosis of Angina Pectoris 
Tl^a.s Doubtfid. In 9 patients, reevaluation of the case history by 
independent observers failed to corroborate the diagnosis of angina 
pectoris. In these patients, the description of the attacks was found 
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to be atypical. Because of the uncertainty of the diagnosis, 4 cases 
were admitted to the hospital wards. In these individuals exercise 
in the cold room and out of doors in cold, windy weather repeatedly 
failed to precipitate angina. Subcutaneous injections of epinephrin 
in increasing doses up to 1 cc. of a 1 to 1000 solution failed to precipi- 
tate anginal attacks in 3. The fourth patient', developed an attack 
of angina with 1 cc., but not with smaller doses. This patient, on 
further study, repeatedly revealed concentrations of over 200 mg. 
of protein in the lumbar spinal fluid and normal concentrations of 
protein in the cisternal fluid, which suggested that his complaints 
were due to disease of the central nervous system. The remaining 
4 patients were able to exercise to the point of fatigue without 
developing angina. All 9 patients in this group have been followed 
for periods varying from 3 to 9 months, without having developed 
any further evidence of angina pectoris. 

Grout IV. Patients Who Had Angina But in Whom the Diagnosis 
Could Not Be Confirmed hy the Exercise Tolerance Test. One patient 
with hyperthyroidism had developed the typical symptom complex 
of angina pectoris with the onset of his thyrotoxicosis. Despite a 
clinical history of angina on both rest and effort, we were unable to 
precipitate pain by prolonged exertion. 

Comment. The standardized exercise tolerance test offers a 
simple and safe method of precipitating attacks of angina pectoris 
under controlled conditions duplicating those under which attacks 
are produced in daily life. The physiological conditions, such as 
temperature, excitement, food, medication and the influence of 
recent attacks, which were found to modify the amount of exer- 
cise necessary to precipitate angina, have their counterpart in 
daily life, and are probably in part responsible for the variable 
histories which these patients give. Further studies may reveal 
other factors of importance. The relative constancy of the 
amount of work necessary to produce an attack of angina under 
standard conditions indicates some fundamental relationship 
between the amount of work done, the demands upon the heart 
and the ability of the heart or coronary vessels to meet these 
demands. 

The ability to produce attacks of angina pectoris at will affords 
a means of diagnosis, evaluation of therapeutics and study of the 
basic physiology of this condition. The influence of emdronmental 
factors has been presented above. The therapeutic benefits of 
medication and further reports on the effect of total ablation of the 
thyroid gland will be the subjects of forthcoming communications. 
Studies are also being carried out on the changes in blood pressure, 
heart rate, velocity of blood flow, minute volume output of the 
heart, respiration and oxjfgen consumption of the body during 
anginal attacks. 

The opportunity to observe the patient during an attack may be 
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of great aid in establisliing the diagnosis. Cases 7 and 28 had been 
treated for gastro-intestinal disorders for several years. It was 
possible to demonstrate that the epigastric discomfort of which 
these patients complained was a clutching sensation which came 
on only with exertion and radiated in one case to the suprasternal 
notch and in the other case to the manubrium and down the left 
arm. Case 23 had been treated for neuritis of the left arm for over 
a year. Personal observation of this patient during attacks demon- 
strated that this pain came on with exertion, began in the left wrist 
and radiated up the inner aspect of the left arm to the substernal 
region. In several patients whose clinical histories were difficult 
to evaluate because of language difficulties, the invariable onset of 
pain with specific amounts of exercise and the radiation typical of 
angina pectoris established the diagnosis. 

Mackenzie'” has pointed out the difficulties in obtaining a clear 
description of the intensity and distribution of pain referred from 
the heart. Observation of the patient while the pain is present 
may make it possible to obtain an accurate conception of the severity 
of the discomfort and may enable the observer to outline accurately 
the distribution and limits of the pain. 

The factors precipitating angina pectoris are varied, and because 
of this, the ability to precipitate angina under the standard conditions 
of the test cannot be considered pathognomonic of the condition. 
Attacks of angina may be precipitated not only by exertion but 
also by emotion, paroxj'^smal heart action, adrenalin or anoxemia. 
Attacks may also occur when the patient is at rest or even during 
sleep. Most patients, however, develop attacks of angina on exer- 
tion, even those who also have attacks on excitement or when at 
rest. ' The fact that the clinical characteristics of the attacks are 
identical under a variety of conditions suggests a common under- 
lying mechanism. The study of angina pectoris under the con- 
ditions outlined above is of advantage in that the predisposi- 
tion of the patient to anginal attacks can be measured accurately, 
and the attacks provoked and studied at will. The inability 
to induce an attack under conditions duplicating those which 
cause attacks in daily life, while not proof positive of the absence 
of this disease, must leave the diagnosis open to question and 
should lead the examiner to reevaluate the history carefully. An- 
other more probable basis for the symptoms usually will be found. 
One of our patients undoubtedly had a compensation neurosis. 
Two others had sharp sticking pains in the region of the apex, which 
were not related to exertion and which were probably functional in 
nature. Reference has already been made to the difficulty in 
properly evaluating the symptom of “choking,” of which many 
patients with pulmonary disease and early congestive failure com- 
plain. The differentiation between the heart pain of congestive 
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heart disease -and true angina pectoris frequently offers diflficulties 
which may be eliminated by the exercise tolerance test. 

The relative amount of work required to precipitate attacks of 
angina pectoris in an individual gives us a means of evaluating the 
severity of the condition. Thus, Case 29 who could perform 
approximately 65 trips before angina developed was obviously less 
seriously incapacitated than Case 1 who could perform only 9 to 
11 trips. Finally, the relative constancy of the amount of work 
required under standardized conditions to precipitate attacks in 
the individual patient enables one to evaluate the patient’s condition 
from time to time regardless of season or climate and offers an 
objective criterion for evaluating the effect of therapy. 

Summary. 1. A simple and safe standardized exercise tolerance 
test is described for use in patients with angina pectoris. 

2. The results of the test in a group of 57 consecutive patients 
’ with the clinical diagnosis of angina pectoris are presented. 

3. Exercise performed under the standard conditions of the test 
induced attacks in 34 patients. These attacks were precisely like 
those experienced in daily life. 

4. When the standardized test was repeated, even months later, 
the same amount of exercise again precipitated an attack in the 
same individual. 

5. Nineteen patients did not develop an attack under the stand- 
ardized conditions. The diagnosis of angina pectoris eventually 
proved to be exceedingly doubtful in all but one of these patients. 

6. Objective evidence is presented illustrating the influence of 
various environmental factors on the amount of exercise necessary 
to precipitate attacks of angina pectoris in patients with this condi- 
tion. 

7. The test affords a means of investigating angina pectoris and 
is of distinct value as an aid in diagnosing doubtful cases and in 
evaluating both the condition of the patient and the results of 
therapy. 
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WHAT TREATMENT IN EARLY SYPHILIS ACCOMPLISHES. f 

I. Relapse and “Curative” Results. 

By John H. Stokes, M.D., with Lida J. Usilton, M.A.,* and 
Harold N. Cole, M.D., Joseph Earle Moore, M.D., Paul A. 
O’Leary, M.D., Udo J. Wile, M.D., THOJiAfe Parran, Jr., 
M.D.,* John McMullen, M.D.* 

From any material on early syphilis it is highly desu-able to 
secure a forward-looking glimpse into the ultimate outcome of 
treatment for syphilis as it concerns the individual patient. The 
previous studies of early sj^hilis^ have indicated certain landmarks 
of procedure and have quite clearly demonstrated the agents and 
methods for the control of infectiousness. The difficulties of 
follow-up in clinic patients and the time required to collect so large 
a material, as has been pointed out, rapidly reduce the mass of 
material available for study with each month and year elapsed 
since the onset of the infection. Of the original 6807 cases with 
diagnosed early syphilis on admission, there remain 1360 patients 
who were under treatment or observation for 2 years or longer; 
5 to 10 years after infection there remain only 295 cases on whom 
even an approximation to ultimate outcomes can be discussed; and 
of cases observed for 15 years, a mere thimbleful of 14 cases. The 
discussion here presented, then, caimot be accepted as that of true 
end results of modern treatment. Rather it is a sampling for trends 
in the effort to see what, if anj'^thing, we are accomplishing and 
whether or not it is worth while, hloreover, it is necessary to 
realize that the 1360 cases forming the material of this studj'^ have 
not been on a 2-year probationary period since the cessation of 
treatment. Treatment in many cases has been continued through 
a part or all of the 2-year period. Had the study been restricted 
to patients who had had 2 years’ probation following the cessation 
of all treatment, the material would through shrinkage have lost 
much of its statistical usefulness. 

The purpose of this study, then, is to analyze the course of treated 
early syphilis tlirough a period of 2 years or longer, as distinguished 
from the larger previously studied group, observed for only 6 months 
or longer. It is hoped that such a study will begin to indicate 
in what ways and to what degree treatment is worth while for the 

* Names mth asterisk represent the U. S. Public Health Service; names without 
asterisk represent the Cooperative Clinical Group. 

t This and the two following studies were conducted by the cooperation of the 
syphilis clinics of the University of Pennsylvania, Western Reserve University, the 
Johns Hopkins University, The Mayo Clinic, the University of Michigan, assisted 
by the U. S. Public Health Se^^^ce and supported by a special fund contributed 
by an anonjunous donor and a grant by the Milbank Memorial Fund. 
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individual patient; and whether, with a given period and amount of 
treatment, something approaching a standard result can be ob- 
tained. Such a definition of outcome and procedure would enable 
the physician to speak in much more definite terms to himself and 
to his patient. It would reduce, and subsequent stupes might 
ultimately do away with, the always present uncertainty as to 
when to stop; and if no endpoint could be determined, a com- 
parison of the outcome of treated and untreated cases might fmnish 
a basis for demonstrating the worthwhileness or the relative futility 
of modern treatment as regards the individual outcome. (See 
subsequent paper.) Insofar as the material in early syphilis per- 
mits, such comparisons have been made. Inevitably the tone of 
such a presentation vdll be more speculative than the preceding 
•studies on early sj'philis by the Cooperative Clinical Group; for 
in the last analysis, we are not dealing with time periods which 
permit of assertion, or with material so controlled that speculation 
can be eliminated. Judicious theorization may none the less serve 
the purposes of constructive future observation and thought. 

This paper vdll also include, by way of catching up certain loose 
threads in previous studies, a survey of the total early s}q)hilis 
material of 6807 cases from the standpoint of all tjqjes of relapse. 
This will meet the objection that previous estimates of relapse 
were based on a 6 months’ material in which a very considerable 
proportion of patients had presumably entered and passed through 
the period of greatest frequency of relapse and dropped from 
observation before they could be included in the 6 months’ observa- 
tion series. 

In order to determine whether the 2-year observation material 
and the conclusions derived from it can be regarded as fairly repre- 
sentative of what may be expected of early sj-philis as a whole, as 
influenced by the stage of infection on beginning treatment, the 
proportions of seronegative and seropositive primary, early secon- 
dary and delayed secondary syphilis in the total cases diagnosed 
as early sjq)hilis were compared with the proportions in the 2-year 
observation group. The practical identity of the proportions in 
the two groups indicates that the 2-year cases are a fair sample of 
the whole group of early syphilis, and that expectancy and results 
based on the 2--year poup may properly be regarded as applicable 
to early syphilis in its entirety, if the early syphilis patient will 
persist in treatment and observation for 2 or more years. 

Cases of Early Syphilis Under Observation-Treatment for any 
Period of Time. Frequency of All Forms of Relapse. In Table 1, 
all forms of relapse are considered in terms of the stage of the 
disease at which the patient began treatment. The total incidence 
of I'elapse, 10.1%, is lower than in the cases observed for 6 months 
or longer (19.7%). The explanation for the disparity lies in the 
fact that nearly half the material included in the total diagnosed 
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was observed so short a time that no opportunity to observe tiie 
maximum incidence of relapse was. pro^’ided. The figures in 
previous studies, therefore, better represent the incidence of early 
relapse. 


Table 1. — Comparative Incidence op Relapse in Patients With Early 
Syphilis Treated or Observed for 6 Months or Longer With Those 
FOR Any Period op Time. 


Type of relapse. 

Seronegative 

primary. 

i Seropositive 
primary. 

: Early 

secondary. 

Delayed 

secondary. 

Total. 

Total cases 
treated. 

Six months 
or more. 

Total cases 
treated. 

Six months 
or more. 

Total cases 
treated. 

Six months 
or more. 

Total eases 
treated. 

Six months 
or more. 

Total cases 
treated. 

Six months 
or more. 
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m 




Early infectious; 











Mucocutaneous . 

59 

56 

125 
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214 
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411 

394 

Ocular .... 
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11 

32 

28 
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41 

Central nervous system ; 
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Symptomatic 

10 ! 

9 

35 

33 


89 


1 

149 

132 

Asymptomatic 

13 

12 

^ 20 

13 , 

S3 

77 


S 

124 

110 

Benign, late 

3 

3 

10 

■El 

36 

36 

1 

1 

50 

50 

Cardiovascular . 

3 

S 

3 

3 

24 

24 



30 

30 

Visceral 


•• 

•• 


2 

2 


•• 

■ 2 

2 

Total cases relapsing* . 

78 

74 

176 

1 

417 

I 392 

I 16 

15 

688 

640 

Total cases .... 

709 

342 

1319 

, 585 

|4640 

2252 

139 






1 

• 

1 

Per 

cent. 


1 

1 



Early infectious: 


1 


1 







Mucocutaneous . 

8.3 

16.4 

9.5 

20.2 

4.7 

9.6 

5.0 

9.2 

6.0 

12.1 

Ocular .... 

0.3 

0.6 

0.9 

1.9 

0.7 

1.2 



0.7 

1.3 

Central nervous system : 











Symptomatic 

1.4 

2.6 

2.7 

6.6 

2.2 

4.0 

0.7 

1.5 

2.2 

4.1 

Asymptomatic 

1.8 

3.5 

1.5 

3.2 

1.8 

3.4 

5.8 

12.3 

1.8 

3.4 

Benign, late 

0.4 

0.9 

0.8 

1.7 

0.8 

1.6 

0.7 

1.5 

0.7 

1.5 

Cardiovascular . 

0.4 

0.9 

0.2 

0.5 

0.5 

1.1 



0.4 

0.9 

Visceral 



•• 

•• 

0.04 

0.09 



0.03 

0.06 

Total cases relapsing . 

11.0 

21.6 

13.3 

27.2 

9.0 

17.4 

11.5 

23.1 : 

10.1 ] 

L9.7 


* Each relapse is recorded, although some cases have 2 or more. 


As regards the indiAudual forms of relapse, the comparative figures 
are: Mucocutaneous, total diagnosed group, 6%; 6 months’ 
obserALation group, 12.1%; asymptomatic neurosj^Dhilis, l.S% vs. 
3.4%; symptomatic neurosyphilis, 2.2% vs. 4.1%; cardiovascular, 
0.4 vs. 0.9%. 

The patient v-ho begins treatment in the seropositive primary 
stage of sj-philis has the highest incidence of mucocutaneous relapse. 
'\^Ty is this so? Because he has had to combat an already in- 
trenched (W'assermann positive) infection, with no other aid than 
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that of treatment, lacldng the immunizing or protective effect of 
his general secondary reaction. The patient with seronegative 
primary syphilis finds himself with an unintrenched infection, com- 
pelled to rely entirely on the effect of treatment. He achieves 
an advantage by the “unintrenchment,” a disadvantage in the form 
of increased frequency of mucocutaneous relapse by the lack of 
systemic reaction, which brings him out midway between the 
patient with seropositive primary syphilis and the patient who has 
had florid secondaries. Thus it appears that so far as mucocu- 
cutaneous relapse is concerned, the most vulnerable position a 
patient can hold is that of a seropositive primary ease. His skin 
and mucous membranes will, so to speak, be inspired to, but will 
not achieve full protective reaction. He will have a tendency, an 
exaggerated tendency, to relapse. 

If such a group of considerations could be found to apply to all 
forms of relapse, and to the outcome of the disease, it would furnish 
justification from the standpoint of the individual for allowing all 
patients with early syphilis to go on to secondaries, build up their 
immunity reactions and thenceforth combine the immunity with 
the effects of treatment. This point is further discussed in con- 
nection with the effect at various stages of various systems of 
treatment. Rejection of such delay as a treatment policy must 
rest on the social consideration of the control of infectiousness in 
the large body of patients with early syphilis and on the fact that 
there is at least a slight advantage with reference to all other forms 
of relapse, in beginning treatment while the chancre is still sero- 
negative. With reference to the seropositive chancre stage, the 
treatment outcomes, presently discussed, indicate that for the 
individual there may be a slight advantage in permitting him to go 
on to secondaries if continuous treatment is available. 

When, however, the advantage of cutting off infectiousness in 
almost all patients with early syphilis as soon as they are seen is 
weighed against the costs, risks and some uncertainty attached 
to the immumzing process of developing secondaries in quarantine, 
there can be little doubt that immediate treatment of the early 
case, the earlier the better, is the socially wise policy, and one not 
productive of new and significantly increased dangers for the indi- 
vidual. But the physician must warn the seropositive primary 
patient that he must be doubly vigilant with regard to relapse, 
and, if anything, even more persistent in treatment than the patient 
who has developed secondaries. The treatment optimums on 
which this statement is based are presently discussed. 

The Effect of the Amount of Treatment on Incidence of Relapse. 
In the new study (Table 2), it appears that there is a steady drop 
in the incidence of all forms of relapse with an increasing number of 
arsphenamin injections, except in the case of asymptomatic neuro- 
syphilis and cardiovascular syphilis. Both these latter increased 
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in frequency (1.2% to 5.3% and 0.3% to 2.1%, respectively) as 
treatment increased. Whether or not this increase is to be entirel}" 
attributed to the presumption that more treatment will be given 
to patients shoving signs of increased resistance or threatened 
complications or not— will be considered in connection with the 
2-year results of treatment. 

Table 2. — Fhequency of Relapse in Patients Treated and Observed in the 
Early Stages op Sy'philis for Any Period of Time. 


Amount of arephenamin. 


Type of relapse. 

1 9 doses 
or less. 

10 to 19 
doses. 

20 to 29 
doses. 

30 to 39 
doses. 

40 doses 
or over. 

Total. 
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Symptomatic 
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1.6 

1.6 

2.1 

2.2 

Asymptomatic 

1.2 

2.6 

2.5 

2.9 

5.3 

1.8 

Benign, late .... 

0.7 

1.1 

0.3 

0.4 


0.7 

Cardiovascular .... 

0.3 

0.4 

0.7 

2:1 


0.4 

Visceral 

0.05 

•• 

•• 



0.02 

Total cases relapsing . 

11.6' 

8.9 

8.5 

8.2 

8.5 

10.4 

Total cases 

100.0 

100.0 

100.0 j 

100.0 

100.0 

100.0 


* There were 24 cases ha\Tng 2 relapses which fell in different treatment groups. 
The relapses were included in both places and, therefore, raised the totals in the total 
cases from 6S07 to 6S31 and OSS to 712. 


Cases of Early Syphilis Under Treatment-Observation for 2 Years 
or More. Results of Treatvienf-Ohsermiion. "Satisfactory results” 
as here used includes all cases classified as "cured,” vith or vithout 
physical examination, probation, or reinfection, and those cases 
which had a “satisfactory result” although hea-\y metal therapy 
was continued long after this had been obtained. A " satisfactory 
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result” indicates a long series of negative blood serologic tests, in 
many cases a negative spinal fluid, no recent clinical or serologic 
signs of relapse or progression, and in most instances a negative 
physical examination. 

In the series observed for 6 months or longer, 3244 cases, the 
"satisfactory results,” using the criteria indicated above, reached 
27.9%; in the 2-year or longer series, 1360 cases; this had increased 
to 52.7%. The increased proportion is probably due (1) to longer 
treatment in the better observed patients, or (2) to the fact that 
as time passes the tendency to relapse automatically declines and 
the disease is brought to a standstill. This proportion of arrest 
is compared in a subsequent paper with that to be expected of 
untreated cases as disclosed by Bruusgaard’s study of Boeck’s 
material. 

Effect of Treatment Systems on the Proportion of Satisfactory 
Results. Let it be recalled that the proportions just given from 
Table 3 represent the aggregate of all methods of treatment: 
continuous, intermittent, irregular and intensive.* From Table 3 
it now appears that, classified on the basis of the system of treat- 
ment employed and the stage of the disease in which treatment is 
begun, a consistent group of differences in results begins to appear. 
The 2-year satisfactory results in seropositive primary syphilis are 
consistently poorer than those obtained in seronegative primary 
syphilis regardless of system, and likewise poorer than in fully 
developed secondary syphilis treated by a continuous system. The 
results in secondary syphilis under intermittent, irregular and inten- 
sive treatment are, on the. contrary, inferior even to those in sero- 
positive primary syphilis. The lead of seronegative primary syph- 
ilis is, indeed, a notable one, and represents the best that modern 
methods have to offer— 86.4% satisfactory results if treatment is 
continuously given to an infection identified by dark field before 
the blood test becomes positive. Once the blood test becomes 
positive, the proportion drops to 64.3%, even with continuous 

* Continuous treatment is defined as uninterrupted treatment with an arsphenamin 
or a heavy metal, or both, whether administered in alternation or simultaneously, 
t^oughout treatment, including so-called “overlapping" treatment. The dis- 
tinctive feature of this scheme is its uninterrupted character. In this group were 
included patients receiving prolonged treatment, even though its continuity was 
broken toward the last by a lapse. 

Intermittent treatment is defined as treatment with an arsphenamin or heavy metal, 
or both, which is interrupted by short rest intervals throughout treatment, whether 
they are purposeful or not. The distinctive feature is the rest interval of 1 month 
or more duration. 

Irregular treatment is defined as treatment with an arsphenamin or heavy metal, 
or both, which is absolutely irregular, no one of the systems heretofore described 
being consistently or even approximately followed. 

Intensive treatment is defined as treatment with an arsphenamin or heavy metal', 
or both, which consists of short, intensive arsphenamin phases (3 to 4 injections in 
3 to 8 days) , alternating with a more or less prolonged heavy metal course of mercurial 
inunctions or intramuscular injections of mercury or bismuth (4 to 8 weeks or more) 
with purposeful rest intervals. (Ven. Dis. Inform., Washington, 13, 209, 1932.) 
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treatment; but it rises again to only a little short of the seronegative 
group result, that is, to 81.5%, when the patient vuth secondaries 
is continuously treated. 


Table 3. — Cases of Early Syphilis Treated or Observed for 2 Years or 
More, Showing the Result of Treatment by Diagnosis on 
Admission and the Scheme of Treatment Employed. 



Seronegative 

primary. 

Seropositive 

primary. 

Early 

secondaries. 

Delayed 

secondaries. 

Total. 

Scheme of 
treatment. 

Satisfactory 

results.* 

All other out- 
comes. 

Satisfactory 

results.* 

All other out- 
comes. 

Satisfactory 

results.* 

All other out- 
comes. 

Satisfactory 

results.* 

All other out- 
comes. 

Satisfactory 

results.* 

All other out- 
comes. 

Continuous 

19 

3 

18 

10 

Nv 

97 

mher. 

22 

3 

■ 

137 

35 

Intermittent 

1 47 

10 

85 

37 

245 

155 

10 


387 

208 

Irregular 

29 

24 

41 

78 

108 

252 

4 


182 

364 

Intensive . 

5 

3 

1 2 

3 

4 

29 

•• 


11 

36 

Total 

100 

40 

146 

j 128 

454 

458 

17 

17 

717 

643 

Continuous 

S6.4 

13.6 

64.3 

35.7 

Per 

81.5 

cent. 

18.5 

100.0 


79.7 

20.3 

Intermittent 

82.5 

17.5 

69.7 

1 30.3 

61.3 

38.7 

62.5 

37.5 

65.0 

35.0 

Irregular 

54.7 

45.3 

34.5 

1 65.5 

30.0 

70.0 

28.6 

71.4 

33.3 

66.7 

Intensive . 

02. 5 

37.5 

40.0 

60.0 

12.1 

1 

87.9 


100.0 

23.4 

76.6 

Total . . 

71.4 

28.0 

53.3 

1 

46.7 

1 

49.8 

i 

50.2 

50.0 

50.0 

52.7 

47.3 


* “Satisfactory results” includes all cases classified as cured, with or without 
a physical e.xamination, jirobation or reinfection, and those cases which apparently 
had a satisfactory result although hea^’y metal treatment was continued long after 
one had been obtained (especially referable to Western Reserve cases). 

It is unnecessary here to comment again on the further demon- 
stration afforded by these figures, of the worth of continuous 
treatment and the progressively increasing ineffectiveness of the 
intensive and the irregular types of treatment. This has been 
supported by prewous studies, and here merely receives confirma- 
tion. Without further discussion, then, a possible explanation for 
the differences in effect of treatment of all tj^es in the seronegative 
and seropositive primary stages and of continuous treatment in 
the secondary stage may be sought. 

First of all, it is apparent that treatment of any kind has an 
exceptional effect if applied in the seronegative primary stage. 
Seronegative primary sj^ihilis in man must, indeed, be a rather 
easily responsive infection, relatively speaking, if totally irregular 
treatment can produce 54.7% satisfactory results. Bruusgaard 
finds the proportion of spontaneous cures to approximate 43%, so 
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that even irregular treatment increases the natural advantage of 
the bodily defense. The first element to be invoked, then, in a 
possible explanation of the observed variations in treatment effect 
at different stages, is that of intrfenchment of the infection. _ The 
seronegative primary syphilis case responds readily to anything or 
almost nothing because the spirillicides and artificial stimulation of 
resistance by medication overwhelm the organism, still exposed and 
unadjusted to its new environment and unprotected from assault 
by fibroid tissue reaction. The seropositive primary case has lost 
this advantage of an exposed organism. It has not gained, in 
exchange, the advantage of its own constitutional reaction against 
the disease by the development of visible secondaries. 

But if it is so much of an advantage theoretically to allow the 
patient to develop a constitutional and especially a cutaneous 
reaction to his infection, why is not this advantage manifest in the 
results of other forms of treatment than the continuous in the 
secondary stage? In explaining the discrepancy between continu- 
ous treatment results, on the one hand, and intermittent, irregular 
and intensive treatment, on the other, in secondary sj^ihilis, the 
rest interval may again be invoked as the primary difference between 
the two groups, and the probable explanation of the greater effect 
of continuous treatment. This explanation would be satisfying 
on sight were it not for another observed discrepancy in Table 3. 
The effect of intermittent treatment in seropositive primary syph- 
ilis is slightly better than is that of continuous treatment. How 
can such an unexpected effect be explained? 

It is conceivable that the biologic course of resistance develop- 
ment in syphilis will account for both phenomena. In seronegative 
primary syphilis the full effect of treatment is exerted upon the 
organism; the patient is cured by spirillicidal action, so to speak; 
during the early period of treatment, when in all probability the 
most significant blows are struck, his spontaneously'^ developed 
resistance based on the presence of the organism plays little part. 
The proportion of satisfactory results, therefore, varies with the 
intensity and duration of application of the spirillicides; and since 
this is at its maximum with continuous treatment, and at its least 
vdth irregular treatment, the results vary accordingly. On the 
other hand, the patient once being in process of constitutional 
reaction to his infection, but short of its consummation, especially 
in the cutaneous phase, as he is in seropositive primary sypliilis, 
every pause in treatment, every cessation of spirillicidal action 
permits, in theory, a revival of organisms and a new, if brief, 
stimulus to systemic reaction aginst the disease. Thus it may 
come about that intermittent treatment, vath its pauses, permits 
the adding of some, even if small, increments of constitutional 
reaction and rpistance to the effects of treatment. The ultimate 
outcome of spirillicide plus fractional resistance increments in rest 
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periods at this stage is a little better than if the patient had been 
obliged by a continuous system of treatment to fight his infection 
solely by spirillicidal means, introduced from without. Hence we 
witness, at a stage when bodily'reaction, as indicated by serologic 
positiveness, has reached the point where it can add its effect to 
treatment, the curious paradox of an inferior method of treatment 
from the spirillicidal standpoint, producing superior ultimate 
results because its rest periods permit the addition to the patient’s 
resources of some bodily resistance follovdng re\'lvals of the infection. 

How shall such a group of considerations be applied to the equally 
curious situation of the patient with full cutaneous secondary 
reaction, who, if continuously treated, achieves a result almost 
equal to that obtainable in seronegative primary syphilis but falls 
to the lowest level of all in ultimate results if rest intervals are 
permitted at this stage, as in intermittent, intensive or irregular 
treatment? Here it may be presumed that the patient vdth secon- 
daries has added the full force of his bodily reaction to the possi- 
bilities of whatever form of treatment he is given. Rest periods 
no longer mean for him increments of resistance, as they may in 
the seropositive primary patient who has not yet achieved his full 
cutaneous reaction. The effect of the method of treatment as 
such, therefore, again asserts itself, augmented by resistance factors 
but offset by tissue intrenchment of the organism in healing local 
tissue foci. Then, as in other aspects of early syphilis, including 
seronegative primary and the first 4 years of latency (IMoore), 
continuous treatment asserts its primacy. 

It is realized that an explanation involving so many incompletely 
explored areas as the concept of constitutional resistance to syphilis 
is not ready for standardized application in practice, particularly in 
the treatment of seropositive primary syphilis. Further observa- 
tion and thought on the effect of a staggered or fractional resistance 
development as a substitute for postponement of treatment until 
secondaries appear is, however, justified as a possible future method 
of dealing with seropositive primary syphilis. 

Conclusions. 1. The maximum frequency of relapse in early 
sjqihilis under observation and treatment 6 months qr longer is 
19.7% (mueocutaneous, 12.1%; asymptomatic neurosjqihilis, 3.4%; 
symptomatic nemosyphilis, 4.1%; cardiovascular, 0.9%). 

2. The incidence of mucocutaneous relapse is lowest in those 
patients who have had a full secondary reaction to the disease. 

3. Patients who begin treatment in the seropositive primary 
stage have the highest incidence of mucocutaneous relapse. 

4. Nonetheless, no advantage appears on other grounds in per- 
mitting a seropositive primary case to go on to secondaries. 

5. The seropositive primary case must be treated with exceptional 
thoroughness. 

6. Relapse decreases in frequency vdth an increasing number of 



STOKES et at: ii. optimum treatment 


669 


arsphenamin. injections, except in the case of cardiovascular and 
asymptomatic neurosyphilis. 

7. Satisfactory (“curative”) treatment results are obtained in 
cases observed 2 years or longer (up to 20 years) in 52.7 % of cases 
without respect to amounts and methods of treatment. 

8. Treatment begun in seronegative primary syphilis (dark field 
diagnosis) by a “continuous” system- yields 86.4% “satisfactory 
results.” 

9. The proportion of “satisfactory results” drops to 64.3% by 
the same method if the treatment is delayed until the serologic 
tests become positive. 

10. If the patient has developed secondaries, the proportion of 
“satisfactory results” (2 years and after) again rises to 81.5% by 
a continuous system of treatment. 

11 . Other systems of treatment do not yield as satisfactory results. 
But in seronegative primary sj'philis even irregular treatment yields 
54.7% “satisfactory results.” 

12. The observed differences in treatment by various methods 
are discussed in terms of a theory of the function of resistance and 
the rest interval. 
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WHAT TREATMENT IN EARLY SYPHILIS ACCOMPLISHES, 
n. Optimum Treatment. 

By John H. Stokes, M.D., with Lida J. Usilton, M.A.,* and 

Harold N. Cole, M.D., J oseph Earle Moore, M.D., Paul A. 

O’Leary, M.D., Udo J. Wile, M.D., Thomas Parran, Jr., 
M.D.,* John McMullen, M.D.* 

In Paper I, case material of 1360 patients with early syphilis 
treated and observed for from 2 to 20 years was discussed from the 
standpoint of relapse and satisfactory or “curative” results. The 
difference in behavior of various phases of early syphilis and the 
results obtained by the scheme of treatment (continuous, i. e., 
without rest intervals) producing the highest proportion of “ cures ” 
were discussed. The present paper takes up the definition of the 
amount of treatment required in various phases of early syphilis, 
the effect of arsphenamin dosage and of spinal fluid abnormality on 

Names -with asterisk repiesent U. S. Public Health Service; names -without 
asterisk represent the Cooperative Clinical Group. 
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outcome and the irreducible margin of failure with the methods of 
treatment employed in this series. 

Optimum Amounts of Treatment. Influence of the Number of Injec- 
tions of Arsphenamin on Satisfactory Results. It appears that the 
highest proportion (85%) of satisfactory results in seronegative 
primary syphilis is obtained in the group ^ecei^’ing 10 to 19 arsphena- 
min injections vdth accompanying heavj' metal; in seropositive pri- 
mary syphilis it requires 25 to 35 injections to produce the highest 
proportion of good results obtainable, namely, 65%. In early 
secondary syphilis, the highest proportion of good results is achieved 
by 20 to 29 injections (58%). In \dewing the downward trend of 
good results as secondary syphilis develops it must be recalled that 
we are dealing in this table with all systems of treatment, and that 
intermittent and irregular schemes of treatment in secondary 
syphilis give the relativelj^ poor shoudngs which bring the proportion 
of good results down to 58%. 


Table 4. — Eahly Syphilis Treated or Observed for 2 or More Years, Shov- 
ing THE Reshlt of Treatment by the Stage of the Disease and 
THE Amount op Arsphenamin Administered. 



Seronegative 

primary. 

Seropositive 

primary. 

Early 

secondaries. 

Delayed 

secondaries. 

; 

Total. 

Amount of 
arsplicnamin.t 

Satisfactory 

results.* 

All other out- 
comes. 

Satisfactory 

results.* 

All other out- 
comes. 

Satisfactory 

results.* 

All other out- 
comes. 

Satisfactory 

results.* 

All other out- 
comes. 

Satisfactory 

results.* 

All other out- 
comes. 

Little or no arsphena- 
min or heaxT metal 


1 

3 

6 

Num 

1 

ber, 

3 



4 

10 

9 doses or less . 

13 

7 

10 

21 

54 

56 

•i 

i 

81 

85 

:o to 19 

39 

7 

49 

46 

138 

147 

6 


232 

210 

20 to 29 

33 

11 

54 

28 

166 

120 

5 

3 

258 

162 

30 to 39 


5 

16 

9 

67 

71 

1 

1 

94 

86 

40 or over .... 

5 

9 

12 

IS 

23 

54 

1 

1 

41 

82 

Little or no arsphena- 











min and much hcav'j" 











metal 



2 


5 

7 


1 

i 

s 

Total 




I2S 

454 

458 

17 

17 

717 

643 






Per 

Cent. 





Little or no arsphena- 









28.6 

71.4 

min or hea\'y metal . 



33.3 

66.7 

25.0 

75.0 

s6!o 

20 !o 

9 doses or less . 



32.3 

67.7 

49.1 

50.9 

48.8 

51.2 

10 to 19 

S4.8 

15.2 

51.6 

48.4 

48.4 

51.6 

3/ .5 

62.5 

52.5 

47.5 



25.0 

65.9 

34.1 

58.0 

42.0 

02.5 

37.5 

61.4 

38.6 


06.7 

33.3 

64.0 

36.0 

48.6 

51.4 

50.0 

50.0 

52.2 ! 

47.8 

E iim: 

35.7 

64.3 


60.0 

29.9 

70.1 

50.0 

50.0 

33.3 

66.7 

Little or no arsphena- 
min and much hea\T 
metal 


■■ 



41.7 

5S.3 


100.0 

i 

46.7 

53.3 

Total 

71.4 

2S.6 


46,7 

49.8 




52.7 

47.3 


* “Satisfactory results” includes all cases classified as ciu-cd, with or without a physical 
examination, probation or reinfection, and those cases which apparentlj- had a satisfactory 
result aithouRti heaxT metal treatment was continued long after one had been obtained (espe- 
cialb- referable to Western Reserve c.ases). .... „ 

t Number of injections of arsphenamin used as the measure of treatment, practically all cases 
w*ere treated ivith accompanj'ing heax'j' metal. 
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Table 4 presents a series of very interesting aggregates. Relating 
the number of arsphenamin injections to the stage of the disease 
at which treatment was begun, the point observed in previous 
studies, it again 'appears that the higher number of injections 
apparently leads to a smaller proportion of satisfactory results than 
some of the smaller amounts of treatment. Table 5, subsequently 
discussed, goes far to show that the reason patients receiving the 
larger number of injections get less satisfactory results is because 
their infections have in their course shown evidence of unusual 
resistance, and they have accordingly been given more treatment 
in the effort to overcome the resistance. 

It is apparent again that the seropositive primary stage is the 
more resistant and requires a larger amount of treatment for the. 
achievement of the best possible results than does seronegative 
primary syphilis. A greater tendency to relapse or to show various 
other signs of resistance demands of the patient greater persistence 
in treatment and a larger total amount of treatment, although with 
this increased treatment better results are obtained than with 
similar amounts after syphilis has reached the secondary stage. 

That the numbers of injections, regardless of system, given as 
optimums in the pre\aous paragraph, are not to be regarded as 
inflexible or universally applicable routine, appears from the analysis 
of Table 5. From this table it may be seen that even inadequately 
treated sypliilis (less than 20 injections of arsphenamin with heavy 
metal) yields its proportion of satisfactory results (66%) in patients 
who were treated for 2 years and never subsequently, yet never 
received in all more than 20 doses of arsphenamin. The adequately 
treated patients (more than 20 injections of arsphenamin with 
heavy metal in the same period) gained only 11% by the adequacy 
of their treatment. The sharp drawing of the line between ade- 
quacy and inadequacy at 20 arsphenamin injections, of course, 
increases the good results under “inadequate treatment,” for 
Table 4 shows that at least the seronegative primary cases attain 
their highest proportion of good results from 10 to 19 injections. 

As soon as our material is dmded into two groups, one in which 
treatment was suspended at the end of 2 years, and the other in 
which treatment was continued after 2 years, the analysis of the 
clinical behavior of each group indicates that those treated for the 
longer time did show clinical and serologic evidence of greater resist- 
ance. Even in the adequately treated cases treated after the 
second year it appears that serologic relapse occurs in 12.6% as 
against 6% in those whose treatment was not carried beyond the 
second year. Irreversible Wassermann reactions were present in 
those treated beyond the second year in 7%, while in those not 
treated beyond the second year they were present in only 1.7%. 
The same proportion holds true for neurorelapse and resistant 
asymptomatic neurosyphilis. It is presumed that patients were 
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continued on treatment beyond the second j^ear because they, 
showed clinical or serologic signs of resistant infections. The only 
method of examining the validity of this presumption, possible in 
this study, which would tend to show that the excessive treatment 
had a share in producing the resistance of the infection and the lower 
proportion of good results vith the higher number of arsphenamin 
injections, would be by way of an analysis of the effect of arsphena- 

Table 5. — Final Results Obtained in Early Syphilis With a Comparison op 
Those Adequately and Inadequately Treated During the 
First 2 Years of the Infection. 


Treatment given during the first 2 years of infection. 



Adequate.* 

Inadequate.* 

Final results of 









treatment. 

No subsequent 

Subsequent 

No subsequent 

Subsequent 


treatment. 

treatment. 

treatment. 

treatment. 


No. 

Per 

cent. 

No. 

Per 

cent. 

No. 

Per 

cent. 

No. 

Per 

cen. 

Grand total, all outcomes . 

232 

100.0 

301 


198 

pi|| 



Satisfactory outcome 

179 

77.2 

148 

49.2 

131 


259 

41.2 

All other outcomes . 

53 

22.8 

153 

50.8 

67 



58.8 

Improving when last seen . 
Relapse: Serologic . . . 

25 

10.8 

73 

24.3 

22 

11.1 

152 

24.2 

14 

6.0 

38 

12.6 


10.1 

86 

13.7 

Clinical . 

5 

2.2 

9 

3.0 

7 

3.5 

31 

4.9 

Irreversible blood . 

4 

1.7 

21 

7.0 

16 

8.1 

94 

14.9 

Neurosyphilis .... 

4 

1.7 

22 

7.3 

8 


41 


Spinal fluid fast 

1 

0.4 

9 


1 

0.5 


1.6 

Dead 

5 

2.2 

3 


4 


5 



* Adequate treatment consists of 20 or more doses of an arsphenamin with accompanying 
heavy metal; inadequate treatment less than this amount. 


Table 6. — Effectiveness of Size of Dose of Old Arsphenamin in Patients 
Followed for 2 Years or More, Who Received 20 or More Doses 
OP Arsphenamin With Proportionate Amount op Heavy Metal. 


Scheme of 
treatment. 

Total 

cases. 

Satisfac- 

tory 

outcome. 

1 ! 

1 Improved. , 

Unsatis- 

factorj' 

outcome. 

Relapse or 
resistant 
serum. 

Clinical 

relapse. 

Neuro- 
syphilis, 
CSF fast. 

Dead. 


i 

I 1 

1 

Size of j 

dose. 

• 



t 




- 1 

. ; . 1 







i . 






eZ 

P 

u 

o 

eS [ E? 1 
S ' rt ' 

13 “ 

S « 

"rt 

R i 

Ef 

rt 

“ 

F 

tx 

n 

*e3 

C 

b£ 

rt 

£ 

bO 

63 

P. 

b£ 


02 


OJ , 

c/2 


i-J 

m 

1-3 

cS 


CQ 


CQ 





; 1 

1 


iYiim 

ber. 

■ 




j 



Continuous . 

CG 

25 

55 : 24 ' 

' 1 , .. 

6 


5 , 

■■ 

4 




4 

1 

Intermittent . 

157 

95 1 

94 1 55 1 

38 1 23 

24 

ie 

19 


^ 4 : 

3 

is 

3 

1 

1 

Irregular . . 

109 

73 

42 , 16 

t ! 

I 31 1 27 

1 

34 

H 

24 


1 ^ 

1 ■ 

4 

17 

7 

2 


Total . . . 

332 

193 

191 I 95 

j 70 1 50 

61 

46 

|48 

36 

13 


30 

i 

10 j 

7 

2 

i 

1 


1 

1 ! 

; 1 


Per 

cent 





1 

i 


Continuous . 1 

100 

, 100 

iS3.3 (96.0 

1.5; .. 

9.1 


7.6 


6.1 




6.1 

4.0 


100 

; 100 

159.9 i57.9 1 

24.2 24.2 

15.3 

16.8 

12.1 

li.G 

2.5 

3.2 

8.Z 

3.2 

0.6 

1.1 

Irregular . . 

100 

1 100 1 

1 

3S.5|21.9 

2S.4 137.0 

1 

31.2' 

1 

41.1 

22.0 

34.2 

4.6 

5.5 

15.6 

9.6 

1.8 


Total . . . 

100 i 

1 

200 

1 

57.5l49.2i 

1 1 1 

! 

21.1 |25.9 

19.3 j 

1 i ! 
j23.8jU.5| 

18.7 

3.9 

3.6 

9.0 

5.2 

2.1 

1.0 


* Size of dose: Males: small, 0.2 to 0.45; large, 0.45 or over. Females: small, 02 to 0.3; large, 0.3 or over. 
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min dosage on outcome. If it can be shown that a higher propor- 
tion of good results attends the use of the lower doses of arsphena- 
min as against the higher, a counterpresumption may be established 
that at least a part of the less favorable results in the higher-number 
series is attributable to overuse of the drugs rather than merely to 
virulence of the disease. This question is examined in Table 6. 

In examining the effect of arsphenamin dosage (restricted to 
“606”) on the relatively less favorable outcomes of patients who 
reeeived the longer series of injections (over 20) the scale of dosage 
rated as “small” (Table 6) is from 0.2 to less than 0.45 gm. for 
males and 0.2 to less than 0.3 gm. for females. “Large dosage” is 
0.45 gm. or over for men and 0.3 gm. or over for women. On the 
basis of such a partition, not wholly satisfactory, to be sure, with 
so small a sample, and the disregard of body weight, on which there 
were only hmited data in this series of cases, it appears that there 
is nothing to indicate that large dosage causes any type of unfavorable 
outcome when either continuous or intermittent treatment is used. 
On the other hand, there is distinct evidence that small dosage has 
definite shortcomings. With continuous treatment there is not a 
single unsatisfactory outcome (deaths not due to sj^philis or treat- 
ment) on the higher dosage scale. But on the lower dosage scale, 
7.6% relapsed or were resistant serologically; 6% had clinical 
relapses; none had neurosyphilis on either scale. Intermittent 
treatment shows practically no difference between the dosage 
scales, except in the matter of neurosyphilis in which the lower 
dosage scale showed 8.3% as against 3.2% for the higher dosage 
scale. These findings not only point out the need for the higher dosage 
scale, but explicitly negate the idea ilvat arsphenamin as such pre- 
disposes to neurosyphilis. It will be noted that the apparent advan- 
tage of the smaller dosage when treatment is irregularly given is 
confined to a lower per cent of relapse or resistant serologic findings. 
Even with the irregular treatment scheme the more significant type 
of unsatisfactory outcome, that of neurosjqjhilitic involvement, is 
higher with the small than with the large dosage scale. 

We may say, then, that the, apparent reduction in good results 
with prolongation of treatment is not due to the unfavorable effect 
of a prolonged use of arsenicals. In fact, the evidence points to 
the desirability of a higher scale of dosage of these drugs than some 
employed at the present day, at least within the field of the treat- 
ment techniques used in early syphilis by the cooperating clinics, 
in which courses of heavy metal alternate with the arsenical. 

Effect of Spinal Fluid Abnormality on Treatment Outcome. Many 
groups of reported results of treatment for syphilis are notably 
deficient in that there was no satisfactory control of the spinal 
fluid. In this series, spinal fluid control was exercised in 1090 
patients, or 80%, of the 1360 patients under observation or treat- 
ment for 2 3 ^ears or more. Of the 1090 patients, 33% (365) showed 
some degree of spinal fluid abnormality. The base line was 65 % of 
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satisfactory results when the spinal fluid was negative, ^^flien the 
cell count was 6 or over, and all other flndings negative, the satis- 
factory results in this group dropped to 62%. '\^Tien the cell 
count was 5 or over and protein was increased but the Wassermann 
and colloidal tests were negative, the satisfactoiy results dropped 
to 35 %. ^^flien the cell counts and Wassermann test were positive 
and the protein and colloidal tests positive or negative, the propor- 
tion of satisfactory results under all varieties of treatment aggre- 
gates only 28%; and in cases with a definitely abnormal spinal fluid 
classified as Group III (paretic formula) only 9% of such patients 
obtained a satisfactory result. Analyzed vdth respect to the influ- 
ence of treatment method on result in these cases, it was found that 
irregular treatment was the principal factor in causing an abnormal 
spinal fluid. 

Regardless of the perplexities introdueed into the question of 
optimums in Table 4, it is impossible to escape the clearness of 
the demonstration which it affords; that adequate treatment for early 
syphilis within the first 2 years, in each and every category of course 
and outcome, yields substantially better results than does inadequate 
treatment, by whatever method. More than 20 arsphenamin injections 
is better than less than 20 arsphenamin injections, each with the accom- 
panying hearty metal. 

Moreover, it fm'ther deserves emphasis, that there, is no deadline 
drawn at 2 years for the patient who has received inadequate 
treatment witliin that period. Even granted that he does not 
achieve a satisfactory result vdthin tliis ideal period, it is worth- 
while to go on. Table 7 expressly examines this question, with 
the follovdng results. Of those patients who had had inadequate 
treatment TOthin the first 2 years of their infection (less than 
20 arsphenamin injections with the accompanying heavj’" metal), 
33% Mil ultimately become symptom-free and serologieall}’- nega- 
tive Mth fm'ther treatment, ^^fliat form shall this further treat- 
ment take? It is notable that it should not be merelj'’ a continua- 
tion of hea'vy metal therapy, bid a further administration of the 
arsphenamin. If heavj'^ metal alone was given, only 18% of the 
patients so treated were reclaimed. If 10 or less injections of an 
arsphenamin were also given, 24% were reclaimed. If more than 
10 injections of an arsphenamin were given in conjunetion with 
the continued hea-^y metal, 50% of the unsatisfactory results were 
brought to a serologic and clinical negati^^ty. In the categories 
of serologic and neurorelapse following inadequate treatment, this 
statement was borne out. The group of patients adequately treated 
dming the first 2 years tends to bear out the same contention, 
though in much less strildng fashion. Representing possibly an 
even higher degree of resistance which probably led to their better 
adherence to treatment schedule, they became symptom-free after 
the first 2 years by the eontinued use of hea^y metal in 30% of 
cases. If more than 10 injections of an arsphenamin were added. 
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tliB proportion was raised to 5S%> The Tesist(i7it paiiciit 7i7ith cciily 
syphilis should, then, he treated not idth heavy metal alone, hit ivith 
heavy metal plus 10 or more injections of an arsphenamin in addition 
to those which he received in the 2-year period. 


Table 7. — Type op Unsatisfactory Outcome at the End of the Eirst 2 Years 
OP Treatment of Early Syphilis With the Patient’s Response 
TO Eurther Treatment. 


Adequate treatment during first 
2 years. 


Inadequate treatment during 
first 2 years. 


Final outcome. 


tory result at end of first 

2 years, shou-ing amount 
of subsequent treatment. 

Total. 

Serologically 
and clinically 
negative. 

Unsatisfac- 

tory. 

Total. 

Serologically 
and clinically 
negative. 

Unsatis- 
factory. , 



No. 

Per 

cent. 

No. 

Per 

cent. 


No. 

Per 

cent. 

No. 

Per 

cent. 

Unsatisfactory, receiving: 
Heavy metal only 



30,0 

7 


28 

0 

17.9 

23 

82.1 

10 arsenicals or less . 



11.9 

37 

88.1 

143 

34 

23.8 

109 

76.2 

Over 10 arsenicals 



57.6 

14 

42.4 

102 

51 


51 

50.0 

Total 

83 

27 

31.8 

1 

58 

68.2 

273 

90 




Serologicrelapse or resistant 
serum, receiving: 











Heavy metal only 

0 

2 

22.2 

7 

77.8 

£2 

4 

18.2 

IS 

81.8 

10 arsenicals or less . 

36 

5. 

13.9 

31 

86.1 

137 

33 

24.1 

104 

75.9 

Over 10 arsenicals 

25 

1 

16 

64.0 

9 

36.0 

82 

1 40 

48.8 

42 

51.2 

Total 

70 

23 

32.9 


|BH 

1 

241 




68.0 

Clinical relapse, receiving; 


■m 









Heavy metal only . 

10 arsenicals or less , 

2 

8 


25'.0 

2 

6 


29 

9 

31.0 

20 

69.0 

Over 10 arsenicals 

9 


88.9 

1 

11.1 

37 

21 

56.8 

16 

43.2 

Total 

19 


52.6 

9 

47.4 

66 

30 

45.5 

36 

54.5 

Neurosyphilis and spinal 
fluid fast, receiving; 











Heavy metal only 

2 

1 

50.0 

1 

50.0 

7 

1* 

14.3 

6 

85.7 

10 arsenicale or less . 

10 



10 

100.0 

20 

6 

30.0 

14 

70.0 

Over 10 arsenicals 

16 

8 

soio 

8 

50.0 

25 

10 

40.0 

15 

60.0 

Total 

28 

9 

32.1 

10 

67.9 

52 

17 

32.7 

35 

67,3 


* This case also had intraspinal treatment. 


Granted this point in the management of the resistant early case, 
is there any justification for the arbitrary continuation of treat- 
ment beyond the 2-year period on a species of “ general principles,” 
in the patient who has achieved a satisfactory result within the 
2-year period? To this, Table 8 contributes some significant 
information. It appears that in patients clinically and serologically 
negative at the end of the first 2 years, whether their previous treat- 
ment has been adequate (more than 20 arsphenaniin injections 
with the accompanying heavy metal) or inadequate, the proportion 
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who ultimately relapse or progress into some form of unsatisfactory 
outcome, regardless of further treatment or not, is only 4.1% for 
the adequately treated, and 3.7% for the inadequately (533 and 
S27 cases, respectively). This is tantamount to saying that an 
uneventful course toward serologic and clinical negativity within 
2 years is a species of promise for the futirre, and has a margin of 
error, so to speak, of only 4%. Within this margin of error, the 
highly practical desideratum of a point at which to stop and to 
substitute observation for further treatment may be defined. An 
uneventful course toward recovery justifies the -parole of the patient to 
observation after 2 years of adequate treatment. To add further 
stress to the emphasis which adequate as contrasted with inadequate 
treatment deserves, it may be pointed out that (Table 8) 76% 
were in the satisfactory classification at the termination of all 
treatment if they had been adequately treated, while only 57% 
were in that classification if their first 2 years of treatment had 
been inadequate. 


Table 8. — Final Outcome in Resistant Cases of Early Syphilis, Showing 
THE EfFECTWENESS OF SUBSEQUENT TREATMENT AfTER THE FlRST 

2 Years of Treatment. 



Adequate treatment during 
first 2 years. 

Inadequate treatment during 
first 2 j'ears. 





• Final 

Outcome 



Result at end of first 

2 years. 

Serologically 
and clinically 
negative. 

Unsatisfactory. 

Serologically 
and clinically 
negative. 

Unsatisfactory. 


No. 

Per 

cent. 

No. 

Per 

cent. 



No. 

Per 

cent. 

Serolocically and clinically 
negative: 

No further treatment . 


38. 6 

4 

o.s 

153 

IS. 5 

2 

Ii 

Hea\T metal only . 


19.7 

4 

o.s 

146 

17.7 

7 


1 to 10 arsenicals . 


13.5 

5 

0.9 

137 

16.6 

15 


More than 10 arsenicals 


3.S 

9 

1.7 

35 

4.2 

7 

Wm 

Total 

403 

1 

75.6 

22 

4.1 

471 


31 

3.7 

Unsatisfartorj’: 

further treatment . . ' 



99 . 

1 

1 

4.1 ' 



43 

5.2 

Hea\'>* metal only . . j 

3 ; 

0.6 

7 

1.3 

5 


23 

2.8 

1 to 10 arsenicals . } 

5 I 

0.9 

37 

6.9 ! 

34 

4.1 ! 

109 

13.2 

More than 10 arsenicals . ! 

19 1 

3.6 

14 

2.6 1 

51 

6.2 1 

51 

6.2 

! 

Total i 

1 

27 j 

5.1 i 

1 


1 

15.0 i 

1 

90 

10.9 1 

226 

27.3 


Total cases* 


533 


S27 


* There were 10 cases where the result of treatment at the end of 2 years was unknown. 


The irreducible residue of failure from apparently satisfactory 
results in the earlier observation periods is 3.7% to 4.1%. From 
the earlier unsatisfactory result groups the irreducible minimum of 
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ultimate poor results is 15% with, early adequate treatment and 
27% with inadequate treatment during the first 2 years. From 
this statement the fact stands out clearly that syphilis partitions 
its victims from the outset into “sheep” and “goats, and that 
taking good treatment and bad, in the aggregate the “goats” 
vnll range from 4% to ‘11%. These percentages may then be 
thought of as representing the morbidity of syphilis under present- 
day treatment conditions. 

Conclusions. 1. Disregarding treatment systems, the highest pro- 
portion of “satisfactory results” in seronegative primary syphilis 
was obtained with- 10 to 19 (preferably the higher number) injec- 
tions of arsphenamin (with accompanjdng heaw^^ metal); in sero- 
positive primary syphilis, 25 to 35 injections; in early secondary 
sjqihilis (first year), 20 to 29 injections. The good result obtain- 
able with the prolongation of treatment in seropositive primary 
sjq)hilis is apparent. 

2. The proportion of satisfactory results thus obtained for the 
respective phases is 85%, 65% and 58%, respectively, regardless 
of system. 

3. Poorer results in prolonged treatment are due to the intrinsic 
resistance of the case, not to the prolongation of treatment. 

4. The use of a higher arsphenamin (“606”) dosage scale exerts 
no unfavorable effect on outcome. In fact, there is evidence that 
a low-dosage scale has definite shortcomings. 

5. Neurosyphilitic relapse is higher on a low-dosage than a high- 
dosage scale when intermittent (rest interval) treatment is used. 

6. Arsphenamin adequately used does not predispose to neuro- 
syphilis. 

7. Satisfactory treatment results decline from 62% to 9% with 
progressively increasing, grades of neurosyphilitic involvement as' 
indicated by the spinal fluid findings (1090 cases). 

8. More than 20 arsphenamin injections with accompanying 
heavy metal in the first 2 years of syphilis is better than less than 
20 injections with heavy metal regardless of system. 

9. Failure to get a satisfactory result by 20 injections or less 
calls for further administration of the arsphenamin. The giving of 
more than 10 additional injections plus heavy metal may double 
the proportion of unsatisfactory outcomes reclaimed. 

10. In the decision as to when to stop treatment in the ordinary 
ease, an uneventful clinical and serologic course toward recovery 
is paramount. In such an uneventful course, the parole of the 
patient to observation after 2 years of adequate treatment is justified. 

11. The irreducible margin of failure in the treatment of early 
syphilis— the proportion of patients not likely to achieve or main- 
tain a satisfactory result by any treatment — ranges from 4% to 
27%, depending on method, stage at which treatment begins, 
adequacy of treatment during the first 2 years of the infection 
and other considerations discussed in previous papers. 
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WHAT TREATMENT IN EARLY SYPHILIS ACCOMPLISHES.f 

m. Comparison of Bruusgaard’s Work and the 3- to 20- year 
Restjlts of the Cooperative Clinical Group. 

By John H. Stokes, M.D., mtli Lida J. Usilton, M.A.,* and 
Harold N. Cole, M.D., Joseph Earle Moore, M.D., Paul 
A. O’Leary, M.D., Udo J. Wile, M.D., Thoaias Parran, Jr., 
M.D.,* John McMullen, M.D.* 

The material in early sj'philis, treated and observed for 3 or 
more years by the American Cooperative Clinical Group provides 
an exceptional background against which to project the outcome 
of untreated early syphilis as presented in Bruusgaard’s remark- 
able evaluation of Cesare Boeck’s series of patients untreated by 
specific methods between the years 1891 and 1910. The syphilis 
clinic at the Oslo Hospital with which Bruusgaard is connected 
serves a stable, well-educated population; it has for years been 
staffed by competent physicians, and between the years 1891-1916 
its chief. Dr. Boeck, believed that patients with early syphilis did 
about as well without any treatment as with the mercurial therapy 
then in vogue. In these years, 2181 patients diagnosed as primary 
or secondarj’' sj^hilis were admitted to the Oslo Clinic. Most of 
them received no treatment. Some received a little mercury by 
mouth or potassium iodid or both, but for all practical purposes 
it can be said that these patients were untreated, or practically so. 
In the years 1925-1927, Bruusgaard was successful in following 
473 of the original 2181 patients; 309 were liHng and each of these 
was completely reexamined physically with special emphasis on 
the cardiovascular and nervous systems, though routine examina- 
tion of the cerebrospinal fluid was not carried out. Most of the 164 
dead had died in the Oslo Hospital, the cause of death being known; 
in 40, necropsies had been obtained. The majority of the patients 
were reexamined or had died more than 20 years after infection. 
Only 37 % of the total number had developed any active lesion of 
late Sj^Tihilis; 22% had died of some unrelated cause, and nearly 
half of this group had lived for 20 or more years after infection 
without developing any lesion. In 14% the only eHdence of 
infection was a persistently positive blood Wassermann; in 27 per 
cent, clinical “arrest” or “cure” seemed to have occurred in spite 
of the absence of treatment. 

With a Hew to making the appropriate comparisons, the material 
of the American study was recast into the categories employed 

* Names with asterisk represent the U. S. Public Health Service; names without 
asterisk represent the Cooperative Clinical Group. 

t Reference to pre\-ious publications by this group is given in a footnote to Part I. 
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by Bruusgaard. Barring any items of statistical disparity in tliat 
our group of 3- to 10-year cases is 821 in number in contrast with 
Bruusgaard’s 79, and that we are unable to make precise compari- 
sons of cardiovascular examination technique in the two groups, 
the two series of living patients stand parallel analysis very well. 
The notable thoroughness and extended range of Bruusgaard’s 
physical examinations compensate to some degree for the com- 
parative lack of spinal fluid studies, and Id's radiography of the 
heart and great vessels makes conclusions in the cardiovascular 
field fairly safe. Our 10-to 12-year group numbers 86, as com- 
pared with his 66 patients; our total number of cases considered, 
907 (13.3% of our 6807 early syphilis patients) as compared with 
his 145 patients living at the time of the examination (6.6% of 
his total of 2181 patients with early syphilis). 

It should be explained that Bruusgaard’s inclusion of tabetic 
and paretic residua as syphilis was reduplicated in our own series, 
but that, as with Bruusgaard, all other scars or residua of the 
disease were excluded from the category of active sjqjhilis. In the 
category of cardiovascular syphilis it is possible that the lack of 
definition of signs and sj^mptoms accepted as evidence of involve- 
ment modifies the results in the living patients, for Bruusgaard’s 
series includes a number of patients who had long shown signs of 
this type of involvement, while the shift in our clinical material 
has tended in the later years toward earlier recognition of symp- 
toms and signs on the basis of routine periodic clinical examination. 

The comparison of deaths has been excluded from the study 
because the procedure for the collection of the data on deaths varied 
in the two series. Bruusgaard followed his patients through tlie 
idtal statistics office of Denmark, securing the cause of death in 
every possible case. The Cooperative Clinical Group did not make 
a similar effort through the vital statistics oflfice of each of the states 
of the United States. The only cases of death which are recorded 
in the Cooperative Clinical material are those found through the 
social service follow-up of patients who lapsed from treatment 
before the maximum benefit had been received, or those who died 
vothin the institution of which the clinic treating the patient in the 
early stage of sjq)hilis was an integral part. Deaths among those 
patients who had received an adequate amount of antisyphilitic 
treatment and been serologically and clinically negative for one year 
or more are unknown, unless before death it had happened that the 
patient had returned to the clinic treating his early syphilis with 
some late manifestation of the disease. That Bruusgaard’s efforts 
were more effective in collecting data on deaths than those of the 
Cooperative Clinical Group is apparent from the proportion of 
deaths from all causes among his cases. In the 3- to 10-year mate- 
rial, Bruusgaard found 14 deaths per 100 cases as against 1 among 
the early cases treated by the Cooperative Clinical Group. In the 
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10- to 20-year material there were only 2 deaths from any cause 
recorded in the Cooperative Clinical material of 88 cases of sj'philis 
as compared with 58 in 124 cases in the Bruusgaard material. 
However, since 14 of the 58 deaths in 124 patients in Bruusgaard’s 
10- to 20-year material had a cardiovascular or central nervous 
system involvement, whereas there was only 1 death from cardio- 
vascular sj-philis and none from central nervous system syphilis in 
the 88 cases of sj^hilis followed by the Cooperative Clinics for a 
similar period of time, one might safely assume that early and 
adequate treatment certainly has had at least a tendency- to prolong 
life and to some extent control the late manifestations of sjqDhilis. 
On the other hand, the good results obtained among the Jiving 
patients in our series are at a minimum. The living patients in 
the Cooperative Clinical Group material, who remained under 
treatment or observation for 3 to 10 or 10 to 20 years, consist 
largely of those whose sjqjhilis was of a relapsing or resistant type 
or those who had received inadequate and irregular treatment dur- 
ing the early stage of s^q^hilis. Those patients who had responded 
well to treatment had to a large extent disappeared. For example, 
a third of the patients who had been under observation or treatment 
for 2 years were lost sight of by the beginning of the third year. 
Bruusgaard’s follow-up and reexamination of every available 
patient gives the end results of untreated^ sjTphilis the benefit of all 
readily responsive infections. Therefore, any CAudence of good 
results in the Cooperative Clinic cases represents the very minimum 
of the effectiveness of treatment in controlling syphilis. With these 
considerations in mind we take up Table 9. 


Table 9. — The Outcome in Treated and Untreated Earet Stphius (Based 
ON Living Patients Only). 


Status of patient at time of 
final examination. 

Treated cases in 5 co- 
operating clinics in the U. S. 

1 

Bruusgaard*B analysis of Boeck’s 
untreated cases. 

Interval between infection and 
final examination. 

Interval between infection and 
final examination. 

3 to 10 years. : 

10 to 20 years. 

! 

: 3 to 10 years. 

10 to 20 years. 

1 cll 

No. 

Per 

cent. 

No. 

Per 

cent. 

1 

j No. 

Per 

cent. 

Xcurosj'pMis 1 

11 

1.4 

s 

9.3 

4 

5.1 

11 

16.7 

Cardiovascular: i 









Definite 1 

6 

0.7 

5 1 

0.8 



1 

1.5 

Suspicious 1 

10 

1.3 

4 

4.6 , 





Skin, mucosal or bone F 5 *philis 

16 

j 2.0 

1 

1.2 1 

27 

34.2 

21 

31.8 

S^^nptom-f^ee with: | 









Positive Wassermann . 

114 1 

1 17.6 

14 1 

16.3 : 

29 1 

36.7 

9 

13.6 

Negative Wassermann . | 

1 

634 1 

i 77.0 

54 

62.8 , 

19 

24.0 

24 

, 36.4 

i 

Total ! 

821 

1 1 

1 100.0 i 

86 . 

100.0 ■' 

79 

100.0 

66 

100.0 


In Table 9, Bruusgaard’s 3- to 10- and 10- to 20-year observation 
groups of liHng patients are paralleled with ours. Clinical neuro- 
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syphilis appears in 1.4% of our 3- to 10-year group; in his untreated 
cases in 5.1% within the same' period. In our 10- to 20-year group 
it appears in 9.3% as compared with 16.7 % of his untreated cases. 
There can be no question in this field of the worth of treatment. 

Late skin, mucosal and bone syphilis appears in our treated 3- to 
10-year group in 2% of cases; in Bruusgaard’s in 34.2%.^ In the 
10- to 20-year group our material shows 1.2%; Bruusgaard’s 31.7 %. 
This is an interesting commentary on the way in which modern 
treatment has done away with benign symptomatic syphilis. It 
is also discussable in the light of Brown and Pearce’s theory of the 
role of reaction in bone and skin as a form of systemic defense in- 
syphilis. 

In the symptom-free but Wassermann-positive category our senes 
includes 17.6% after 3 to 10 years; Bruusgaard’s series 36.7%. 
In the 10- to 20-year group, we have 16.3%; he has 13.6%. Our 
figures suggest that we are dealing in the 10th to the 20th year with 
our irreducible minimum of fixed positive asymptomatic cases, 
which is almost identical with his group without treatment. 

In the symptom-free Wassermann-negative group we have 77%, 
while Bruusgaard has only ^4% in the 3- to 10-year period, and 
62.8% as compared with 36.4% in the 10- to 20-year period. Inas- 
much as these constitute, so far as present-day criteria go, the 
“cured” patients, the vindication of modern treatment methods 
within the limitations of this investigation is complete. 

Table 10.— Spinal Fluid Examinations on Patients With Early Syphilis 
Classified as Symptom-free, Blood Wassermann Positive or 
Negative at Termination of Treatment (Based on 
Living Patients Only). 


Interval between infection and final 
examination. 


Spinal fluid examination on termination 
of treatment. 

3 to 10 years. 

10 to 20 years. 

No. 

Per cent. 

No. 

Per cent. 

Svmvtom-free, positive Wassermann. 





Spinal fluid; 





Not made 

39 

4.8 

2 

2.3 

Negative 

68 

8.3 

9 

10.5 

Positive during treatment, negative at end 

8 

1.0 



Positive at end of treatment 

19 

2.3 

2 

2.3 

Positive during treatment, unknown at end , 

10 

1.2 

1 

1.2 

Total cases symptom-free, positive Wassermann: 

r 


■■ 


Cooperating Clinics 

144 

17.6 


16.3 

Boeck’s cases 

29 

36.7 

■1 

13.6 

Svmplom-free, negative Wassermann. 





Spinal fluid; 





Not made 

97 

11.8 

9 


Negative 

454 

55.3 

41 

47.8 

Positive during treatnfent, negative at end 

48 

5.8 

2 

2.3 

Positive at end of treatment 

12 

1.5 

1 

1.2 

Positive during treatment, unknown at end . 

23 

2.8 

1 

1.2 

Total cases symptom-free, negative Wassermann: 





Cooperating Clinics 

634 

77.2 

54 

62.8 

Boeok's cases 

19 

24.0 

24 

36.4 
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It is now essential to point out, though another tabular study 
is necessary to do so (Table 10), that had spinal fluid examinations 
been performed in an equally large proportion of Bruusgaard’s 
patients as compared mth our own, the blood serologic groups just 
discussed would have sustained a slightly different interpretation. 
Of the seropositive patients in our series, 2.3% have been aligned 
vdth the neurosyphilitic group in both the 3- to 10- and 10- to 20- 
year periods by examination of the spinal fluid. It is impossible 
to guess how many of Bruusgaard’s untreated patients would have 
fallen in the same category (asymptomatic neurosyphilis). Among 
the seronegative patients in our series, even 1.5% and 1.2% of 
abnormal spinal fluids appeared at final examination after 3 to 10 
and 10 to 20 years, respectively. 

Bruusgaard found no cardiovascular sjqjhilis in untreated patients 
(living) in the 3- to 10-year group, and only 1.5% in the 10- to 
20-year period. In the 20- to 30-year Bruusgaard group, 10% 
appears, and in the 30- to 40-year group, 12.5%. We have, of 
course, no comparable groupings for the later years, but for the 
3- to 10-year period 0.7% of cardiovascular sjq)hilis is definitely 
recognized, and 1.3% of suspicious cases (dilated aorta by Roentgen 
ray). In the 10- to 20-year period we recognize 5.8% definitely 
and 4.6% as open to suspicion, where Bruusgaard finds only 1.5%. 

"VSTiether these rather marked differences are entirely ascribable 
to differences in examination technique, or whether we are witness- 
ing here a genuinely predisposing or at least hastening effect of 
treatment, it is impossible from this material to say. As has been 
prcAnously suggested, there is reason to think from Bruusgaard’s 
description of his material that his cardiovascular cases were usually 
recognized at a later stage than ours. 

With the reservations already set forth with regard to deaths in 
mind, as well as the fact that we have too small a statistical sample 
in either material from which to draw any definite conclusions, 
it is stm worth while to observe that in the 3- to 10-year period 
Bruusgaard averages 1 death, vath a definite cardiovascular involve- 
ment per 100 cases of sjqjhilis, as compared with our 1 death, with 
a cardiovascular involvement in 500 cases of syphilis. In the 10- 
to 20-year period there were no deaths with a cardiovascular involve- 
ment in the 88 cases of sjqDhilis treated and observed in our clinics, 
as compared vdth 10 deaths per 100 cases in Bruusgaard’s series. 

We have undertaken to examine Bruusgaard’s classifications of 
his cases as applied to our own material, in terms of the various 
t^-pes of treatment which our patients received, in order to see 
whether principles such as we have recognized in previous studies 
apply with equal force to his tjqjing of material in. long periods of 
observation (over 3 years). 

It appears that \mder “inadequate treatment” (less than 20 
injections of arsphenamin and the accompanying heavj^ metal). 
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93% of our patients in the 3- to 10-year group achieved freedom 
from symptoms with a positive or negative Wassermann, while 
60.7% of Bruusgaard’s patients, untreated, achieved the same 
status. In the 10- to 20-year period, 85% of our patients achieved 
this same status, as against 50% of Bruusgaard’s. Thus, even 
inadequate treatment holds a substantial lead over no treatment 
in the comparisons of these two series. 

Adequate treatment in the 3- to 10-year period gave 96% symp- 
tom-free with Wassermann positive or negative for our series, while 
Bruusgaard’s series shows 60.7%. In the 10- to 20-year period, 
treated cases stand at 74%, untreated at 50%. In Table 11 is 
given the classification on the basis of adequate and inadequate 
treatment by the continuous, intermittent and irregular schemes. 

Table 11.— The Outcome op Adequately and Inadequately Tbeatbd Early 
Syphilis by the Continuous, Intermittent and Irregular Schemes of 
Treatment for Patients Under Treatment or Observation prom 3 to 
20 Years in the 5 Cooperating Clinics in the United States (Based 
ON Living Patients Only) . 



1 to 19 doses of arsphenamin 

20 or more doses of arsphenamin 



with heavy metal. 



with heavy metal. 


Status of patient at 
time of final 
examination. 

Continu- 

ous. 

Intermit- 

tent. 

Irregular, j 

1 Continu- 
1 ous. 1 

1 Intermit- 
tent. 

i Irregular. 

1 


No. 

Per 

cent. 

No. 

Per 

cent. 

No. 

Per 

cent. 

1 

No. 

Per 

cent. 

No. 

Per 

cent. 

No. 

1 

Per 

cent. 

3 to 10 neaTs. 





1 

1 


1 






Neurosypiiilis . 
Cardiovascular : 

1 

2,4 

1 

0.7 

6 

1 

2.9 

1 

1 


1 

0.5 

2 

1.2 

Definite .... 





! 3 

' 1.4 

1 




3 

l.S 

Suspicious 

Skin, mucosal or bone 

i 

2.4 

1 

0.7 

2 

1.0 

2 

1 

3.2 

4 

1 

2.0 



syphilis .... 
Symptom-free; 

i .. 

1 . . 

1 

0.7 

11 

1 5,3 

1 1 

1.6 

1 1 

0.5 

2 

1 1.2 

Positive Wassermann 

8 

19.0 

13 

9.3 

64 

30.8 

3 

4.7 

23 

11.2 

33 

20.3 

Negative Wassermann 

32 

76.2 

124 

1 88.6 

122 


B 

1 90.5 

|176 

1 85.8 

123 

75.5 

Total 

1 42 

100.0 

140 










10 to SO nears. 





i 

1 


1 





Neurosypiiilis . 
Cardiovascular: 



1 

1 

2! 

j 

7.4 


1 


1 

6 

14.3 

Definite .... 





o : 

7 4 , 





3 

' 7.1 

Suspicious 

Skin, mucosal or bone 




■■ 

il 

3.7 





3 

1 ^ ^ 

syphilis .... 
Symptom-free: 






3.7 

1 

1 





Positive Wassermann 

1 

33.3 



6 

22.2 



1 

20 0 

6 

14,3 

Negative Wassermann 

2 

66.7 

9 

100.0 

15 

55.6 



4 

80.0 

24 

57.2 

Total 

3 

100.0 

g 

100.0 

27 

100.0 



5 

100.0 

42, 

100.0 


The analysis of this material (Table 11) on the basis of system 
of treatment, in both the inadequate and adequate groups, shows 
very clearly that it is irregular treatment which is largely respon- 
sible for the unsatisfactory outcomes. For example, in the 3- to 
10-year period among inadequately treated patients, neurosyphilis, 
cardiovascular syphilis, and especially late skin, mucosal and bone 
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syphilis, occur mainly in the group of irregularly treated patients. 
In the 10- to 20-year period, they occur exclusivelj'^ in patients whose 
treatment has been irregular. 

The significance of the symptom-free Wassermann-positive group 
of patients, which one would ordinarily hesitate to admit to the 
categorjr of benign or innocent syphilis, could not be discussed 
from Bruusgaard’s cases owing to the lack of spinal fluid exam- 
inations in his series. It interested us, however, to see how rela- 
tively small a proportion of such cases after 3 to 20 years had 
abnormal fluids under either inadequate or adequate treatment. 
In the former case only 1.5% had abnormal fluids, while after 
adequate treatment 3% were abnormal. The presumption that 
the adequately treated cases were on the whole the more resistant 
applies here. It is, however, borne out here, as in the previous 
discussion, that by far the largest part of the spinal fluid abnormali- 
ties fall in the group of irregularly treated cases. 

The examination of the symptom-free seronegative- group which 
passes usually as clinical and serologic cure in most reports, shows 
that even freedom from symptoms and a negative blood do not 
invariably mean a normal spinal fluid. In the 3- to 10-year group, 
adequately but irregularly treated, there will be as high as 4.5% 
of patients who have abnormal spinal fluids in spite of their negative 
bloods and freedom from symptoms. 

Summary. 1. A comparison is made of 907 cases of treated 
early sjqihilis (Cooperative Clinical Group) with 145 cases of 
untreated early sjqihilis (Bruusgaard series) observed from 3 to 
10 and iO to 20 years. 

2. Clinical neurosj'philis is from 2 to 4 times as frequent in the 
untreated as in the treated cases. 

3. The frequency of bone and skin lesions in untreated cases is 
17 to 26 times as great as in treated cases. 

4. Treatment renders 77% to 63% of patients symptom-free and 
Wassermann-negative in the 3- to 20-year observation period, as 
compared vdth 24% to 36% without treatment. 

5. Even seronegative treated patients vdll present 1.5% to 1.2% 
abnormal spinal fluids after 3 to 20 years. 

6. Adequate treatment by an eftective technique gives 96% 
symptom-free patients vith positive or negative blood tests after 
3* to 10 years, while no treatment gives 61 %. 

7. In the 10- to 20-year observation period, the same treatment 
gives 74%; no treatment, 50%. 

S. Complications develop largely in irregularly treated patients. 
The proportion of abnormal spinal fluids in such patients, otherwise 
negative, may reach 4.5% in the 3- to 10-year period. 

9. The cardiovascular results are interpreted. 

10. TMiile the relative benignity of many aspects of untreated 
s\q)hilis is conceded, the results summarized in Items 4 and 6 fully 
justify adequate and systematic modern treatment for earlj^ syphilis. 
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THE EELATIONSHIP BETWEEN ANTISYPHIUTIC TREATMENT 
AND TOXIC CIRRHOSIS.* 


By C. W. Baldridge, M.D., 

ASSOCIATE PHOFESSOK OF MEDICINE, TJNIVEKSITY OP IOWA COLLEGE OF 
MEDICINE, IOWA CITY, IOWA. 


(From the University of Iowa College of Medicine.) 


Is it possible that antisypliilitic treatment consisting of mercury , 
and arspbenamin may produce toxic cirrhosis? If toxic cirrhosis 
follows antisyphilitic treatment is this possible in a liver not pre- 
viously damaged by syphilis? _ ' 

Excluded from consideration here are the established ill effects 
of antisyphilitic treatment upon the liver such as that described by 
Wilei ag a “therapeutic paradox” and severe acute yellow atrophy 
even though it be called “acute cirrhosis.”^ 

In 1929 O’Leary, Green and Rowntree^ reported 1 case which 
they called “treatment cirrhosis.” This case was that of a man with 
a mildly positive Wassermann reaction on one occasion who, accord- 
ing to the authors was probably non-syphilitic, but who received 
7.9 gm. of arspbenamin, 36 injections of mercury and 200 innunc- 
tions of mercury over a period of 5 years. The patient took an 
unknown amount of treatment from other physicians during the 
succeeding 5 years. Ten years after the beginning of treatment the 
patient returned to The Mayo Clinic with ascites and a few months 
later died of a ruptured esophageal varix. There was no history of 
alcoholism. The liver was cirrhotic and was reduced in size. In 
later publications O’Leary^'® mentioned the danger of producing 
cirrhosis of the liver by the administration of arspbenamin, but did 
not make clear whether or not he felt that this was possible in the 
absence of hepatic syphilis. Hutchinson, ® Hamburger, ’’ Stockman, ® 
and O’Leary, Snell and Bannick® have reported cases in which 
cirrhosis or at least portal obstruction has been attributed to the 
long continued use of inorganic arsenic. Moreover, the “epidemic” 
of cirrhosis which occurred in England during 1900 and 1901 was 
attributed to arsenic in beer.^®-” Sollmann^® in his textbook makes 
the statement that liver degeneration is more marked after inorganic 
than after organic arsenic compounds. 

O’Leary and his coauthors have been vague in dealing with the 
etiologic relationship of antisyphilitic treatment to cirrhosis but 
this vagueness has been invoked adyisedly. When cirrhosis follows 
treatment in a syphilitic subject, it is obviously difficult or impos- 
sible to be sure that the liver had not been damaged to some extent 
hy syphilis before treatment was begun. Probably all syphil- 
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ologists admit that vigorous treatment with arsphenamin may 
cause an increase in the portal obstruction in cases of hepar lobatum. 
Sudden increase in scar formation without actual damage to liver 
cells might account for this. That the long continued use of Fowler’s 
solution occasionally results in cirrhosis or that arsenic mixed with 
beer contributed to the production of cirrhosis in the cases reported 
from England is generally admitted. That arsphenamin prepara- 
tions can produce acute necrosis of liver cells seems to be estab- 
lished although many ingenious explanations for postarsphenamin 
jaundice have been advanced.’* 
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I I Duration of syphilis before treatment was begun. 


V/////7\ Duration of arsphenamin treatment. 

Inteiaml between last arsphenamin treatment and manifestations of 
cirrhosis. 

Chart I. 

In going over the records of patients admitted to the University 
Hospital since 1921, with conditions resembling cirrhosis, many 
cases were unsatisfactory for a study such as this. Twenty-one 
cases of.Banti’s syndrome, 2 of Felty’s sjmdrome, 8 of Pick’s syn- 
drome, 5 of hemochromatosis, and 3 of cinchophen poisoning were 
excluded. Furthermore, all patients with enlarged livers were 
excluded, not because it was completely justihable, but because in 
this particular study interstitial sj-philis of the liver could not be 
completely ruled out in such cases except by necropsy. 

In 20 of our cases of s^^-philis of the liver the process was not 
extensive enough to produce portal obstruction. All of these patients 
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received mercury by innimction and potassium iodid and 9 were 
treated Avitli arsplienamin. Of the 9 who received arsphenamin 2 
developed jaundice after treatment, and in 1 there was also transi- 
tory ascites, hdost of these 20 patients improved a great deal under 
treatment. 

In 14 other cases the hepatic sjnphilis was extensive, the spleen 
was enlarged, and there was portal obstruction. Three of these 
patients had received arsphenamin before they came to the hospital 
and 1 was given arsphenamin cautiously while in the hospital. In 
all 4 the portal obstruction increased after arsphenamin treatment 
(a therapeutic paradox). Most of the other 10 patients improved 
under treatment with potassium iodid and mercury or bismuth. 
One case was much benefited by a splenectomy, after which ars- 
phenamin treatment did not cause ascites. The above 34 cases of 
hepatic syphilis were excluded from consideration in this study. 
After eliminating all of the above, as well as all non-fatal cases of 
probable portal cirrhosis which did not require repeated para- 
centesis, and all cases complicated by cardiac decompensation, 
there were onlj'’ 36 cases remaining in the series. 

Of these 36 cases 15 had sjqihilis. This incidence of syphilis 
among patients with portal cirrhosis is higher than that found by 
Symmers^^ in New York and lower than that observed by DeDuc^® 
at Ann Arbor. At least 11 of the 15 patients with sjqjhilis received 
antisyphilitic treatment before cirrhosis became manifest and 1 
non-syphilitic patient also received antisyphilitic treatment. The 
duration of the syphilitic infection, the amount and the nature of 
treatment, and the relation of these to the onset of cirrhosis is indi- 
cated in the chart and table. 

It is to be noted that in one-third of our patients in whom a defin- 
ite diagnosis of portal cirrhosis could be made, there was a history 
of antisyphilitic treatment preceding the clinical evidence of cirrho- 
sis. Vices are prone to be multiple, so that alcoholism, syphilis and 
antisjqihilitic treatment often coexist in the history of patients with 
cirrhosis of the liver. In the presence of multiple factors which may 
bear on the etiology of disease, the clinician usually looks to the 
pathologist for a decision, but in this instance an authorative 
opinion can be rendered only by the most experienced pathologist. 
The^ cases in this series present several circumstances which tend to 
incriminate antisyphilitic treatment in the causation of cirrhosis of 
the liver. 

Three of the patients in whom cirrhosis followed antisyphilitic 
treatment were women whose denial of alcoholism carried convic- 
tion. One man would not admit the use of alcohol while one other 
stated that he had taken alcohol in small amounts but had been an 
almost total abstainer for a period of 14 years before cirrhosis was 
recognized.^ SnelP® states that cirrhosis usually does not progress 
except during the period of exposure to the injurious agent. If we 
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admit the validity of Snell’s statement, then the patient who had 
abstained from alcohol for 14 years might be classed with the 4 who 
never used alcohol. Four other patients used alcohol occasionally 
and moderately, but 3 drank to excess for many years. ^Adiile the 
incidence of portal cirrhosis is not very high, even in confirmed 
alcoholics, the possibility of this tj^pe of liver damage must be 
admitted in at least 3 of these 12 cases. 

In 7 of the cases the Wassermann reaction was completely negative 
when cirrhosis developed, and in 3 others the alcoholic antigen gave 
negative reactions. In only 2 did the Wassermann reaction remain 
strongly positive. The fact that most of the patients had vigorous 
treatment and developed cirrhosis at a time when the Wassermann 
reaction was negative, speaks against the probability of the liver 
damage being dependent upon the syphilitic infection. The variable 
duration of the syphilis before cirrhosis appeared and the fact that 
1 patient never had syphilis, are other points against the theory 
that the cirrhosis in these patients may have been due to syphilis. 


Table 1. 


Case. 

Age. 

Sex. 

Alcohol. 

Ars- 

phon« 

amin 

injec- 

tions. 

Mercury. 

Wassermann reactions.! 

Before 

treatment. 

After 

treatment. 

Ale. 

Choi. 

Alo. 

Choi. 

1 . . . 

41 

M 

++++ 

6 

Moderate amount 

4 + 

4 + 

0 

4 + 

2 . . . 

54 

M 

+* 

5 

Little 

7 

7 

0 

0 

3 . . . 

50 

M 

+ + 

10 

Moderate amount 

4 + 

4 + 

4 + 

4 + 

4 . . . 

40 

F 

0 

27 

Much 

4 + 

4 + 

0 

0 

5 . . . 

05 

M 

++++ 

30 

Much 

4 + 

4 + 

0 

3 + 

6 . . . 

54 

F 

0 

? 

Too much 

0 

0 

0 

0 

7 . 

40 

M 

0 

42 

Much 

4 + 

4 + 

3 + 

4 + 

8 . . . 

44 

F 

0 

12 

Much 

4 + 

4 + 

0 

0 

9 . . . 

02 

M 

+ + 

37 

Much 

4 + 


0 

0 

10 . . . 

35 

M 

++ 

23 

Much 

4 + 

4 + 

0 

0 

11 . . . 

39 

M 

+ + 

18 

Much 

4 + 

4 + 

0 

4 + 

12 . . . 

70 

M 

+++ 

7 

? 

4 + 

4 + 

0 

0 


* Used practically no alcohol for 14 years before cirrhosis appeared, 
t The Wassermann technique included fixation in the icebox for 4 hours and 
antigens as indicated. 


Undoubted signs of cirrhosis appeared in 6 of the cases within 
8 months or less after combined treatment with mercury and' 
arsphenamin. In Case 9 ascites developed after intensive anti- 
sj'philitic treatment and a subsequent injection of arsphenamin was 
followed by an increase in the amount of ascites. Treatment was 
then stopped after which the signs of portal obstruction disappeared 
and the patient has remained free from ascites for 3 years. The 
ascites also increased in Case 11 under arsphenamin treatment. 
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In two instances there were signs of arsenic poisoning evidenced 
by peripheral neuritis in 1 and arsenical dermatitis in the other. 
One patient suffered from rather marked mercurial poisoning. _ 

Case 6 is of particular interest in that there was never any evidence 
of syphilis, even in the necropsy findings. This patient took anti- 
syphilitic treatment at her own insistence and developed mercury 
poisoning in 1923. We were unable to determine the extent of the 
arsphenamin treatment. In 1925 a “hob-nail liver” was discovered 
at operation and in 1927 she developed ascites and died. In this 
case syphilis and alcohol can be definitely excluded. 

All of the 12 patients considered here received both arsphenamin 
and mercury. Strathy, Smith and Hannah^^ have suggested that the 
kidney damage occasioned by mercury might be a predisposing 
factor in the toxic effects of arsphenamin. In no case was there a 
history of postarsphenamin jaundice and no symptom which would 
suggest a- non-fatal acute yellow atrophy of the liver Avas observed 
while the patients were under treatment. Seven of the patients 
received part or all of their treatment at the University Hospital. 

Necropsies were obtained in 16 of our 36 cases of atrophic cirrhosis. 
Among the 16 cases in which necropsy studies were made there were' 
4 syphilitic subjects. Three of these had received antisyphilitic 
treatment. A necropsy was also obtained in the 1 patient (Case 6) 
who was non-syphilitic but who had received antisyphilitic treat- 
ment. Sections of the livers from all 16 cases were submitted to 
Dr. F. B. Mallory for an opinion. 

The sections submitted included one from the liver of a man who 
had had untreated syphilis for 40 years, but who was also a con- 
firmed alcoholic. Dr. Mallory commented on the section as follows: 
“Old alcoholic. Slight hyalin present.” 

In Case 11 there was a history of moderate alcoholism (wine) and 
the outstanding feature in addition to cirrhosis was polycythemia 
with cyanotic and painful extremities. The patient was syphilitic 
and received 18 injections of neoarsphenamin. A small amount of 
ascites existed at the beginning of the last course of 6 injections, 
but the fluid in the abdomen increased rapidly during and after 
these treatments. Dr. Mallory considered that the cirrhosis in this 
case was probably on an alcoholic basis but he could find no hyalin. 

In Cases 6, 8 and 10 Dr. Mallory believed the cirrhosis to be 
the result of a previous acute yellow atrophy (toxic cirrhosis^®). 

There is every reason to expect toxic cirrhosis as one of the com- 
plications of antisyphilitic treatment. Any toxic principle Avhich is 
capable of producing acute yellow atrophy may also produce toxic 
cirrhosis. The fact that cirrhosis followed antisyphilitic treatment 
in 2 non-sj'philitic subjects is strong eAddence that such treatment 
can produce this liver lesion alone without the predisposing influence 
of hepatic sj^ihilis. In our non-sj^ihilitic patient (Case 6) the 
• cirrhosis was of the toxic type and the gross description of the liAmr 
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in the case of “treatment cirrhosis” reported by O’Leary, Green and 
Rowntree is also compatible with a diagnosis of toxic cirrhosis. 
The histologic changes in the livers of the syphilitic cases, 8 and 10, 
were the same as those in the non-sj^hilitic subjedt (Case 6). 

The author does not wish to imply that toxic cirrhosis is a hazard 
of major importance in the treatment of sjqihilis with arsphenamin. 
However, the evidence would seem to substantiate the claim that 
toxic cirrhosis of the liver may result from antisj^ihilitic treatment 
per se. In Iowa, cirrhosis of the liver is not common but a surprising 
number of the patients seen here wdth cirrhosis of the liver have 
had antisjTihilitic treatment (at least 12 out of 36). 

All of the 12 patients in this series, in whom cirrhosis folio-wed 
antisyphilitic treatment, received arsphenamin or neoarsphenamin 
or both between 1917 and 1926. This is in keeping with Dr. 
jMallory’s observation that liver damage following arsphenamin 
M'as more common for a few years after the introduction of American- 
made drugs than it was either before or since. 

Summary. Twelve patients are reported in whom cirrhosis of 
the liver with portal obstruction followed antisyphilitic treatment 
with arsphenamin and mercury. Clinical evidence of disease of 
the liver was not found in any case before antisyphilitic treatment 
was begun. 

In 3 of the 4 patients who came to necropsy the cirrhosis was of the 
toxic tjTpe, i. e., the result of a previous acute yellow atrophy. 


The author wishes to express his appreciation for the help given by Drs. F. B. 
Mallory, F. Parker, Jr., and P. A. O’Leary. 
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RECURRENT LARYNGEAL PARALYSIS IN LEFT VENTRICULAR 
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By Frederick H. King, M.D., 
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William M. Hitzig, M.D., 
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SINAI HOSPITAL, NEW YORK CITY, 

(From the Medical Service of Dr. George Baehr and the Laboratories of The Mount 

Sinai Hospital.) 


The occurrence of left recurrent laryngeal palsy in exceptional 
instances of mitral stenosis is well known. So far as we have 
been able to find, this palsy has not been described as a manifesta- 
tion of any other intrinsic disease of the heart, although it may be 
produced by aneurysm or diffuse dilatation of the aorta and very 
rarely by pericardial disease. 

Recently, we have observed the development of left recurrent 
laryngeal paralysis in 3 instances of the arteriosclerotic type of 
heart disease -with failure of the left ventricle. In 2 of the cases 
there was coronary thrombosis, while the third had left ventricular 
failure, due to chronic glomerulonephritis and coronary arterioscler- 
osis. The cases seem worthy of description not only because recur- 
rent laryngeal paralysis has not been reported as a complication of 
coronary thrombosis or other forms of left ventricular failure, but 
also because they seem to throw light on the pathogenesis of the 
same palsy in mitral stenosis. 

Report of Cases. Case 1. — A woman, aged 57, was admitted because 
of precordial pain and dyspnea. For several years she had had occasional 
aches in the precordial region. Two weeks before admission she was 
awakened from sleep by agonizing substernal pain. This persisted for 
almost 12 hours, when it was relieved by a hypodermic injection. The 
pain was accompanied by orthopnea, profuse perspiration and fever. The 
day after the attach she became hoarse and remained so. The day before 
admission she had another, almost identical, episode of precordial pain. 

On physical examination, the patient was seen to be orthopneic. The 
lips and nail beds were cyanotic. The temperature was 99° F., the heart 
rate 100. Presystolic gaUop rhythm was audible inside the apex and the 
second sound was louder at the pulmonic than at the aortic area. Blood 
pressure was 120/80 mm. The edge of the liver was felt 4 cm. below the 
costal margin. There was marked edema about the ankles. Laryngo- 
scoyic examination revealed complete paralysis of the left vocal cord, which 
tvas in the cadaveric position. 

Aided by a grant to The Emanuel Libman Fellowship Fund in memory of 
Adele Schiff. 
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The teleoroentgenogram (Fig. 1) revealed marked enlargement of the 
heart to the left. The vascular shadows extending from either hilum 
were markedly accentuated and broadened. Both lung fields exliibited 
coarse mottling, diminisliing from hilum to periphery, due to intense 
engorgement and distention of the pulmonary vessels. The electrocardio- 
gram showed left axis deviation. and Ts were inverted. 

The patient was given an injection of merbaphen, wliich produced 
copious diuresis. With tliis, the edema disappeared and the liver became 
impalpable. At this time, the venous pressure was found by direct meas- 
urement to be 8 cm. of water, a normal value. The evidences of intense 
pulmonary engorgement persisted. From the point of view of circulatory 
dynamics, therefore, the patient was suffering, at this time, from left 
ventricular failure, a disturbance characterized by engorgement of the 
pulmonarj’’ circuit accompanied by normal systemic venous pressure. 

The patient’s condition became steadily worse. Toward the end there 
were added to the manifestations of insufficiency of the left heart such 
e\udences of right ventricular failure as rise in venous pressure to 12 cm., 
dependent edema, bilateral pleural effusions and enlargement of the liver. 
The electrocardiogram changed to that of the common type of bundle- 
branch block. The left recurrent laryngeal paralysis persisted. Pulmon- 
arj'^ edema developed and the patient succumbed 7 weeks after admission. 

Necropsy was performed 5 hours after death.- The lar 3 Tix showed no 
changes. 

The mediastinum was carefully dissected. No neoplasm, mediastinitis 
or l 3 Tnphadenopath 3 ’- was found. The left vagus nerve was traced and the 
recurrent branch followed from its origin to the larynx. About 3 cm. from 
its origin a segment of the left recurrent lai^geal nerve, about 0.5 cm. in 
length, was definitelj" constricted and exhibited bluish discoloration. The 
constricted and discolored portion of the nerve was that which lay between 
the arch of the aorta above and the left pulmonary artery below, and 
abutted against the obliterated ductus arteriosus medially. Proximally 
and distall}’’ to this area, the nerve showed no gross changes. 

The heart was enlarged. There was moderate hypertrophy and dilata- 
tion of both ventricles; the auricles were also dilated, the right more than 
the left. A circular area, about 1 inch in diameter, on the anterior surface 
of the left ventricle above the apex was purplish-red in color, dimpled 
when unsupported and felt soft (microscopically, there was degeneration 
of the muscle fibers in this area with which was intermingled young con- 
nective tissue). The m 3 ’-ocardium of the lower two-thirds of the interven- 
tricular septum and the anterior and apical portion of the left ventricle 
showed fibrosis. The mitral and other valves were negative. There was 
severe arteriosclerosis of both coronaries. In the anterior descendmg 
branch of the left coronary artery was a grayish-brown thrombus which 
completel 3 ^ obUterated the lumen and extended distall 3 '-' about 3 cm. There 
was an organized thrombus in the right coronar 3 ’^ artery about 1 cm. from its 
origin. 

The pulmonar 3 ' artery and its branches exhibited discrete atheromatous 
plaques. They were hardl 3 ', if at all, dilated, the root of the pulmonar 3 ' 
arter 3 ^ measurmg 8.5 cm. in circumference. There were adherent thrombi 
in some of the branches of the pulmonar 3 " artery. 

Both pleural cavities contained clear fluid. The lungs were markedly 
engorged and edematous. The cut surface had a rust 3 ^ tint and there was 
an infarct in either lower lobe. 

The liver extended about 5 cm. below the costal margin, was firm, brovTi- 
ish-red in color and considerabb’- engorged. 

Dr. J. H. Globus was kind enough to examine the left vagus and recurrent 
lar 3 'ngeal nerves, vith the following results: 











' LA.KYNGEAL PARALYSIS IN LEFT VENTRICULAR FAILURE 693 

Section A— left vagus nerve proximal to the origin of the left recurrent 
larxjngeal nerve: Marchi preparation showed quite marked and diffuse 

myelin degeneration. , 

Section B—left recurrent nerve at the point where it passes under the aortic 
arch and above the left branch of the pulmonary artery: Marchi preparation 
showed fairly marked degeneration, approximately as at A. 

Sections C and D—left recurrent laryngeal nerve distal to B: Marchi 
preparation showed occasionarsmall deposits of fat with gra 3 rish discolora- 
tion of some myelin rings. _ 

Section E — left recurrent laryngeal nerve, 1 cm. distal to D: Marchi prepa- 
ration displayed a larger number of fat deposits, some of which showed loss 
of ring outline and assumed the character of plaques. 

Weigert preparations revealed few definite changes, possibly because the 
degenerative process was not sufficiently massive to be revealed by this 
method. 

Comment on the Histologic Findings. The Marchi preparations mdicate 
fairly marked degeneration of the left recurrent nerve at the point of most 
probable compression and distaUy. It is, however, difficult to explain 
the more marked degeneration in the segment taken from the vagus trunk 
unless it is assumed that afferent fibers coursing from the recurrent laryngeal 
nerve upward in the vagus have also been affected by the compression and 
have undergone degenerative changes. 

Case 2. — A man,* aged 36, was admitted complaining of precordial pain, 
orthopnea and cough. Three years previously he had been found to have 
a systolic blood pressure of 200 mm. He felt well until 1 year before 
admission, when he began to have attacks of precordial pain. These pains 
recurred frequently and were often incited by exertion. Three weeks before 
admission, while driving an automobile, he began to cough up large volumes 
of pink, frothy fluid; at the same time he had viselike precordial pain 
radiating down the left arm. A week later he had a similar attack following, 
coitus. Ten hours before entering the hospital he had a tliird attack of 
pulmonary edema accompanied by precordial pain. 

On admission, the patient was cougliing up frothy, bloody sputum. The 
heart was enlarged to the left. The rate was rapid and presystolic gaUop 
rhythm was heard. Moist rales were audible in both lower lobes. The 
liver edge was 2 cm. below the costal margin. Arterial pressure was 
120/102 mm., then faUing to 106/80 mm. Venous pressure was. 6.5 cm. 
The electrocardiogram was definitely indicative of recent infarction in the 
posterior portion of the left ventricle in the part usually supplied by the 
right coronary artery. There was nodal rhythm wth a rate of 115. The 
E—T interval was elevated in the second and third leads. T was inverted 
in the second and third leads and there was a large Q wave in the third lead. 

Five days after admission, _ Dr. Rabinovutz noted that the patient was 
hoarse. The hoarseness persisted to the end. Two laryngoscopic exam- 
inations at an mter\'’al of a week revealed left abductor paralysis. Fifteen 
days after admission the patient suddenly succumbed. Necropsy was not 
permitted. 

Case 3. — A conductor, aged 33, was admitted to The Mount Sinai 
Hospital 3 times in the last year of his life. On the first admission he 
complained of headache and vomiting. He was found to have blood 
pr^sure of 232/144 mm., h^ertensive neuroretinopathy and marked albu- 
His symptoms improved and he was discharged. He was 
admitted again 3 months later for the same symptoms, as well as blurring 
of ATsion. This stay lasted 6 weeks. 

* -pjjjg jj, rpjjg Jewish Hospital of Brooklyn, under the care of Dr. M. 

A. Rabinowitz, to whom we are greatly indebted for his courtesy in allowing us to 
report the case. 
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Six months later he was admitted for the third time. Fifteen days before 
he had noted dj^spnea, which soon developed into severe orthopnea. On 
physical examination, there was slight puffiness of the ankles. The heart 
was enlarged to the left, the rate was rapid and gallop rhytlim was present. 
Medium-sized moist r41es were audible over both lower lobes. The liver 
was not palpable but percussion indicated shght enlargement. Arterial 
pressure was 210/150 mm. Venous pressure was 8.5 cm. Roentgeno- 
graphic examination revealed intense engoPgement and distention of the 
pulmonary vessels (Fig. 2). The non-protein nitrogen of the blood was 
86 mg. %. 

Three days after admission it was noted that the patient ivas hoarse and 
lanjngoscopic examination revealed left abductor paralysis. Tliis persisted 
until the death of the patient. 

Two weeks after admission a pericardial friction rub was heard. Other 
manifestations of uremia appeared and the patient succumbed about 
6 weeks after admission. 

Necropsy. The cut surfaces of the lungs were very wet and abundant 
frothy fluid exuded from the bronchi. The main branches of the pulmonary 
arterj*^ were somewhat dilated and the walls were sHghtly thickened. 

Heart: the pericardial cavity contained about 5 ounces of serosanguineous 
fluid. Both the visceral and parietal layers of the pericardium were 
studded vdth plaques of fibrin. The right ventricle was slightly hyper- 
trophied and dilated; the left markedly hypertrophied and dilated. The 
mitral and other valves showed no changes. The coronary arteries were 
moderately sclerotic without being narrowed. 

The kidneys were granular, and microscopic examination revealed glom- 
erulonephritis of long standing. 

The left vagus and recurrent laryngeal nerves were followed. The latter 
was flattened where it passed between the arch of the aorta and the left 
pulmonary arter 3 ^ We are indebted to Dr. J. H. Globus for the foUomng 
results of the microscopic examination; 

Left vagus nerve proximal to the origin of the recurrent laryngeal nerve: 
Paraffin sections stained vnth hematoxjdin and eosin sliowed no significant 
changes. Celloidin sections stained bj' the Marchi method failed to reveal 
myelm degeneration. Frozen section stained with Sudan III and hema- 
toxjdin showed fat in the connective tissue about the nerve but no fat 
droplet replacement of mj^elin within the nerve trunk. In the perineural 
tissues several medium-sized arteries were atherosclerotic. 

Left recurrent laryngeal nerve where it passes between the arch of the aorta 
and the left pulmonary artery: Paraffin sections stained with hematoxylin 
and eosin were negative, as was the Marchi section. Frozen sections stained 
vith Sudan III and hematoxjdin showed fat droplets in ring formation 
about a few intact axis cjffinders. 

Left recurrent laryngeal nerve distal to the preceding: Paraffin sections 
stained with hematoxylin and eosin showed areas of vacuolization of 
m 3 'elin. Sections stained b 3 ’^ the Marchi method revealed definite myelin 
degeneration with fat droplet replacement. Frozen sections stained vdth 
Sudan III and hematox 3 dm confirmed the finding by the IMarchi method; 
fat droplets were seen surrounding man3’- axis C3dinders. 

Left vagus nerve distal to the origin of the recurrent laryngeal nerve: Paraffin 
sections stained with hematox 3 "lin and eosin, Marchi sections and frozen 
sections stamed with Sudan III and hematoxylin did not show significant 
changes. 

Sections from the above locations stained b 3 ’' the Weigert method revealed 
no changes sufficient to warrant deductions. 

Summary of the Histologic Findings. The maximum degenerative change, 
as e%'idenced b 3 ' m 3 '-elin degeneration and fat droplet replacement is present 
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in the section taken from the left recurrent laryngeal nerve distal to the 
point where it passes between the left branch of the pulmonary artery and 
the arch of the aorta. The vagus nerve shows no significant changes. 

Discussion. In each of the 3 cases described, the development of 
left ventricular failure, due to hypertensive and arteriosclerotic 
heart disease, was followed by paralysis of the left recurrent laryn- 
geal nerve. This sequence of events suggests that the damage to 
the nerve is a result of the left ventricular failure, a conception 
which is fortified by the absence in the 2 cases that came to necropsy 
of any other cause for recurrent laryngeal palsy. 

The mechanism by which injury to the left recurrent laryngeal 
nerve results from left ventricular failure can, perhaps, be most 
readily elucidated in the light of what is known about the patho- 
genesis of the same paralysis in mitral stenosis. By investigations 
on thoraces hardened in situ and in ioto, Fetterolf and Norris^ 
have shown that left recurrent laryngeal palsy in mitral stenosis is 
due to compression of the nerve between the left pulmonary artery 
and the aorta or ductus arteriosus. The left recurrent nerve passes 
between the arch of the aorta and the left pulmonary artery in a 
situation in which the two vessels are very close to one another 
(4 mm. apart, according to Fetterolf and Norris); indeed, the nerve 
is even normally flattened as it hooks around the aorta. It is 
quite obvious that even comparatively slight dilatation of the 
pulmonary artery might readily result in compression of the nerve 
between the pulmonary artery and the aorta, both of which are 
comparatively firm structures in consequence of the blood-pressure 
■within them. Of course, a prerequisite for such compression is 
that the nerve be so fixed that it cannot merely be displaced later- 
ally as the pulmonary artery dilates. The ductus arteriosus prob- 
ably plays an important part in producing the palsy in this very 
way, namely, by preventing displacement of the nerve to the right. 
As a result, the nerve is constricted in a triangle bounded by the 
arch of the aorta, the left pulmonary artery and the ductus arterio- 
sus. Apparently, however, the anatomic conditions necessary for 
the compression of the nerve by the expansion of the pulmonary 
artery are fulfilled in only a small proportion of individuals, for 
recm-rent laryngeal paralysis is an unusual complication of mitral 
stenosis. 

Previous investigators have visualized the compression of the 
left recurrent laryngeal nerve in mitral stenosis as due to anatomic 
dilatation of the pulmonary artery. This has, indeed, been present 
in some of the cases but in others it has been equivocal or absent. 
However, it does not seem that such anatomic dilatation, which 
can be demonstrated at necropsy, is necessary for the compression 
of the nerve. _ There may very well be a so-called dynamic dilata- 
tion, due to high pressure within the vessel, and which is not evident 
at necropsy. How marked such dynamic dilatation of an artery 
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may be is familiar to clinicians from the fluoroscopic appearance of 
the aorta in many instances of aortic insufiiciency. As a result of 
the large volume of blood ejected into the aorta by each systole- in 
aortic insuflBciency, the aorta may appear greatly dilated during 
life, but at necropsy its measurements do not exceed the normal. 
Similarly, roentgenographic examination in mitral stenosis reveals 
that the pulmonary artery and its first branches are greatly dilated 
and, as in the instance of aortic insufficiency, this dilatation may be 
largely or completely “dynamic;” at postmortem, the vessels in 
question are not correspondingly, if at all, dilated. 

In the light of these facts, it seems probable that functional 
moments predominate in the compression of the left recurrent 
laryngeal nerve in mitral stenosis. As a result of the mitral obstruc- 
tion, engorgement and hypertension of the lesser circulation develop. 
One of the consequences of the increased pressure is dynamic 
dilatation of the pulmonary artery and its branches. The develop- 
ment of the latter is facilitated by the great elasticity of the pul- 
monary artery and its first branches. It is true that if the hjqter- 
tension of the pulmonary circulation is sufficiently protracted, arteri- 
osclerosis, diminished elasticity and anatomical dilatation of the 
pulmonary artery may result. But such anatomical dilatation of 
the pulmonary artery is not always present when left recurrent 
laryngeal palsy complicates mitral stenosis. 

In the 3 cases described above of left recurrent laryngeal palsy 
complicating hypertensive and arteriosclerotic heart disease, there 
is every reason to believe that the functional element of hypertension 
of the lesser circulation with resultant dynamic dilatation of the 
pulmonary artery was the cause of the compression of the nerve, 
just as in mitral stenosis. The e\ddence for this view is as follows: 

1. In all the cases the recurrent laryngeal palsy folloived the onset 
of left ventricular failure. 

2. In Case 1 the left recurrent laryngeal nerve was definitely 
constricted and discolored for a length of 0.5 cm., where it passed 
through the triangle bounded by the arch of the aorta, the left 
pulmonary artery and the ductus arteriosus. In Case 3 the histo- 
logic findings also indicated compression at this point. 

3. In Case 1 no significant “anatomic” dilatation of the pulmon- 
arj’’ artery was demonstrable at necropsy; the aorta and the ductus 
arteriosus lilvewise exhibited no notable changes. In Case 3 the 
dilatation of the pulmonary artery found at necropsy was but 
minimal. 

4. The e\ddences of engorgement and hypertension of the pul- 
monary circuit with dynamic dilatation of the pulmonary artery 
and its branches during life were clear-cut and unequivocal: (a) 
The pulmonic second sound was louder than the aortic second sound. 
(6) The chest films in Cases 1 and 3 revealed intense engorgement 
of the pulmonaiy vessels, the dilatation of the smaller radicles 



MCMAHON, keeper: LIMITATIONS OF AUSCULTATION 697 

being visible far out toward the periphery of the lung fields. We 
did not see the chest film of Case 2. (c) In Case 2 there were 

repeated attacks of massive pulmonary edema, while the other 
2 patients had marked pulmonary edema at necropsy. 

Summary. Three cases of left recurrent laryngeal palsy compli- 
cating hypertensive and arteriosclerotie heart disease with left 
ventricular failure are described. Two of the cases were instances 
of coronary thrombosis. 

Evidence is presented that the left recurrent laryngeal palsy was 
due to compression of the nerve between the left pulmonary artery, 
the arch of the aorta and the ductus arteriosus. The cause of the 
compression is regarded as dynamie dilatation of the pulmonary 
artery due to the engorgement of the lesser eircuit engendered by 
the failure of the left ventricle. 

In the light of these cases and other evidence, it is suggested 
that when recurrent laryngeal paralysis complicates mitral stenosis, 
the dynamic dilatation due to the hypertension of the lesser circu- 
lation probably playS a significant part. 

REFERENCE. 
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LIMITATIONS OF AUSCULTATION FOR THE DIAGNOSIS AND 
STUDY OF TUBERCULOUS PULMONARY CAVITIES. 

By B. T. McMahon, M.D., 

ASSOCIATE physician, LOOMIS SANATORIUM, 

ANH 

Edmund H. Keeper, M.D., 

roentgenologist, LOOMIS SANATORIUM, LOOMIS, N. Y. 


The following observations of the limitations of auscultation 
were made in connection with a study of the healing of tuberculous 
pulmonary cavities.^ The series consisted of 296 cases of pulmonary 
tuberculosis with cavity and with tubercle bacilli in the sputum; 
the total number of cavities estimated from roentgenograms was 
464. All patients were examined once a month and stereoscopic 
Roentgen ray films were taken on an average of every 2 months. 
Correlation was thus possible between stethoscopic findings and 
Roentgen ray interpretations, both in regard to the presence of 
cavity signs and alterations in cavity dimensions. Elicitation of 
any one of the usual textbook physical signs of cavity was sufficient 
to lead the examiner to suspect its presence, while more than one 
strengthened the likelihood. Patients with so-called “silent cavities,” 
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i. e., cavities visualized in the roentgenogram but not suspected on 
physical examination, were reexamined to make certain that cavity 
signs were not overlooked. Particular attention was given to the 
area of distribution and character of rales. Whenever significant 
changes in the lesion were noticed in the serial Roentgen ray films, 
correlation was made with the physical examination 'for that time, 
especially as to changes in rales. 

Ca\’ity Avas diagnosed by physical examination in 119 (40%) of 
the 296 cases. This figure refers to caAuty-bearing areas, containing 
either single or multiple cavities. In a separate study of 170 cases 
with solitary cavity, a diagnosis of cavity Ai'^as made in only 53 
(31%). Here size was a factor, because the percentage of positive 
diagnoses increased from 21% for cavities of dimensions not OA'-er 

2 by 2 cm. to 53% for caAdties oA’-er 4 by 4 cm. It was likewise true 
that fresh, thin-walled caAdties were more easily missed than those 
AAdth fibrous walls or surrounding consolidation. 

To determine hoAV accurately changes in rales indicated mutations 
in pathologic anatomy as portrayed by Roentgen ray, two large 
contrasting groups of the original study' AA^ere examined. The first 
group comprised 65 cases that secured spontaneous closure of 
caAdty, the criteria for AAdiich were the disappearance of shadows 
representing cavity in serial Roentgen rays and the absence of 
tubercle bacilli from the preAdously positRe sputum for at least 

3 consecutiA^e months. The second group comprised 84 cases in 
which the size of the caAdties at the end of treatment was the same 
or larger. 

Of the group that secured spontaneous closure of cavity, rales 
were unaltered after closure in 30.8%, diminished in 67.7% and 
increased in 1.5%. Of the second group, finally classified as unim- 
proA^ed, rales were increased in 40.4%, unchanged in 47.6% and 
diminished in 11.9%. Consequently, estimation of changes in 
caAdties deduced from A^ariations in rales is unreliable, since rales 
may increase or remain the same AAdiile the lesion heals, or they 
may diminish AAdiile the lesion is stationary or progressRe. 

^Wiile this experience demonstrates that auscultation has its 
limitations in the diagnosis of pulmonary caAdties and in the detec- 
tion of changes during healing or enlargement, it must not be 
assumed that Roentgen ray interpretation is infallible. jNIany 
intrapulmonary lesions cast shadoAvs on the roentgenogram indis- 
tinguishable from tuberculosis and small tuberculous lesions cannot 
be clearly shoAim, especially if Roentgen ray technique is not the 
best. Furthermore, such conditions as pleural friction, pulmonary 
edema, bronchitis, and sometimes emphysema can be more readily 
detected by auscultation than by Roentgen ray. Treating tuber- 
culosis on the basis of Roentgen ray alone oA’^erlooks the importance 
of other clinical features and of personality as a guide to treatment 
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and prognosis. For this purpose a well-taken history and a careful 
physical examination are indispensable. 

Summary and Conclusions. If reliance had been placed on auscul- 
tation alone in this series of 296 cases of cavitary tuberculosis, only 
half the large ca\dties diagnosable by Roentgen ray would have been 
detected and 4 out of 5 of the smaller ones would have been missed. 
In practice, it is therefore wise to withhold final opinion on the 
presence or size of cavity until the Roentgen film has been read. 
Roentgenograms and fluoroscopic examinations at intervals of weeks 
or months are the best means at our command of observing the 
behavior of cavities as to size and character. For this purpose 
deductions made from changes in extent, character, and number of 
rales are unreliable, since rales may increase or remain the same as 
the disease heals or they may diminish as the disease grows worse. 

Recognition of these limitations of auscultation leads to greater 
accuracy in diagnosis and emphasizes the need for correlation of 
physical, Roentgen ray and laboratory examinations. 
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PNEUMOCOCCUS STUDIES.* 

By W. W. G. Maclachlan, M.D., 

ASSOCIATE PROFESSOR OF MEDICINE, UNIVERSITY OF PITTSBURGH; PHYSICIAN TO THE 

MERCY HOSPITAL, 

H. H. Permar, M.D., 

ASSOCIATE .PROFESSOR OF PATHOLOGY, UNIVERSITY OF PITTSBURGH; DIRECTOR OF 
LABORATORIES, MERCY HOSPITAL, 

John M. Johnston, A.B., M.D., 

INSTRUCTOR IN MEDICINE, UNIVERSITY OP PITTSBURGH; ASSISTANT IN MEDICINE, 

MERCY HOSPITAL, 

AND 

Joseph R. Kenney, A.B., B.S., M.D., 

DEMONSTRATOR IN MEDICINE, UNIVERSITY OF PITTSBURGH; ASSISTANT IN MEDICINE, 
MERCY HOSPITAL. PITTSBURGH, PA. 

« (From the laboratories of the Mercy Hospital.) 

In this article we are reporting the results of a stud}'’ of certain 
quinin derivatives with reference to their power to destroy the 
pneumococcus in the test tube and to protect mice which have been 

* Read at the meeting of the Association of American Physicians at Atlantic City, 
May 1, 1934, ' • v. 
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inoculated by an intraperitoneal injection of pneumococci.* The 
clinical results in a few cases which we have treated vuth the ethyl- 
apoquinin made at the Mellon Institute have been very satisfactory, 
but a much larger series of cases must be studied as a basis for con- 
clusions. Tjq)e II pneumococcus was used, although we have made 
observations, as have others, to indicate that all pneumococci are 
affected equally by the quinin derivatives. Also, the toxicity of 
the derivatives was estimated by intraperitoneal injection in mice. 
We have examined 35 different preparations of the quinin group 
(21 various salts as given below, 12 different preparations of ethyl- 
apoquinin and 1 each of hydroxyethylapoquinin and hydroxj'ethyl- 
hydrocuprein) ; of these we have excluded, as being of little value 
for their slight antipneumococcic power, all but 3. The 3 which 
we have studied in detail are ethylapoquinin, hydroxj’'ethylapo- 
quinin and hydroxyethylhydrocuprein. Ethylhydrocuprein (opto- 
chin) was used in practically all of om* experiments at the same time, 
naturally as a control quinin derivative of which the action on 
the pneumococcus and the toxicity are well known. 

Ethylapoquinin was discovered, in 1895, in Germany, by Lipp- 
mann and Fleissner.i In 1930, Miura and Okamoto,^ in Japan, 
noted that it had greater bacteriocidal power for the pneumococcus 
in the test tube, gave more protection to mice inoculated with 
pneumococcus and was less toxic than optochin. In the following 
year, Miura and Sogen,® and Okamoto'* confirmed this work. In 
1931, Osato and Watanabe® reported some observations on 10 cases 
of influenzal pneumonia— the only clinical report on the use of 
etliylapoquinin of which we are aware. The authors were impressed 
with the results noted in the small group of cases. Two of the 
patients died, but 1 was apparently a terminal case at the onset of 
the treatment. The dosage was 1.5 gm. of the base or 1 gm. of 
the hydrochlorid in di^^ded doses for the 24-hour period; It was 
continued for 3 or 4 days. One fatal case was given, 7.5 gm. in 
5 days. One of the patients had a transitory blindness for a few 
days. From reading this report, one cannot really estimate the 
severity of the infection of the cases, for no observations were made 
as to the presence of pneumococci in the blood stream' as indicated 
by positive blood cultures. The dosage of the drug was the same 
as has been recommended for optochin and it is of interest that one 
example of ^dsual disturbance was noted. In 1933, Gqndel and 
Seitz,® in Germany, confirmed the findings of Miura and Okamoto. 

Hydroxjmthylapoquinin and hydroxj’^ethylhydrocuprein are new 
derivatives made at the Mellon Institute. 

* In this vrork we were associated with Drs. L. H. Cretcher, C. E. Butler and 
A. G. Renfrew, of the Department of Research in Pure Chemistrj’ of the Mellon 
Institute. They will make a separate report on the chemical phases of the prepara- 
tions. We ■adsh to thank also Prof. W. T. Dawson, of the University of Texas, 
for assistance. 
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The bacteriocidal action of the various quinin derivatives on the 
pneumococcus was carried out in the following way: 0.1 cc. of a 
1 to 1000 dilution of an 18-hour broth culture was added to a 
dextrose broth which contained the quinin derivative in the proper 
dilution. At the end of 2, 4, 6, 10 and 24 hours, blood-agar plates 
were streaked with a standard loop from the broth and the colonies 
of pneumococci were counted in 24 hours. It is well known that 
the quinin derivatives vary greatly in their bacteriocidal action on 
the pneumococcus in vitro. We used optochin as the control drug, 
and only those preparations which equalled optochin in their bac- 
teriocidal power were further studied, except in 1 instance, hydroxy- 
ethylhydrocuprein, which was definitely lower. The in vitro tests, 
therefore, were used more to exclude the weaker preparations in 
antipneumococci power than to attempt to accurately define the 
maximum bacteriocidal dilutions of each derivative. Chart I gives 
the end results of this part of our work. Any one of several speci- 
mens of ethylapoquinin showed the same bacteriocidal effect in the 
dilution stated. Chart II shows a fairly typical curve of the bac- 
terial count for one of the ethylapoquinins and hydroxyethylhydro- 
cuprein. Fresh solutions of the quinin derivatives were always 
used as the bacteriocidal power for pneumococcus is lowered if the 
diluted solutions are allowed to stand for a few days. 

The other quinin derivatives, which we have tested and discarded 
on account of their lesser bacteriocidal power for the pneumococcus, 
were as follows: 


1. Quinin sulphate (neutral) 

2. Quinidin sulphate (neutral) 

3. Cinchonin sulphate (neutral) 

4. Cinchonidin hydrochlorid (neutral) 

5. Epiquinin dihydrochlorid 

6. ' Epiquinidin dihydrochlorid 

8. Hydroquinin neutral sulphate 

9. Quitenin hydrochlorid 

10. Ethylquitenin hydrochlorid 

11. Quitenidin 

12. Hydroquininon hydrochlorid 

13. Hydroquinin neutral sulphate 


13. a. Hydroquinin dihydrochlorid 

14. Epihydroquinidin dihydrochlorid 
16. Hydroxydihydroquinin dihydro- 
chlorid 

19. Isoquinin dihydrochlorid (?) 

20. Cl-ethylhydrocuprein dihydrochlorid 
28, Niquin dihydrochlorid 

I 29. Ethylcuprein dihydrochlorid 
, 33. Vinylhydrocuprein dihydrochlorid 
; 34. Ethoxyethyl hydrocuprein dihydro- 
; chlorid 


Chart I.— Pneumococcidal Power in Vitro. 


Drug. 

Ethylhydrocuprein 
Hydroxyethylhydrocuprein 
Ethylapoquinin 
Hydroxyethylapoquinin . 


No. 

0 

7 

15,22,23,26,31,32 

30 


Killed pneumococci in 
1 to 800,000 dil. 

1 to 200,000 “ 

1 to 800,000 “ 

1 to 800,000 “ 


The estimation of the toxicity of the quinin derivative was carried 
out on mice by injection intraperitoneally of doses, ranging from 
2 to 7 mg. If death occurred, it almost invariably happened in from 
5 to 30 mnutes. Animals surviAung f hour practically always lived. 
The toxicity experiments were also used as a method to eliminate some 
of the preparations, as it was useless to proceed with highly toxic 
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derivatives. In these experiments we used optochin as a control 
quinin derivative. Chart III brings out two interesting points in 
reference to toxicity: (1) There is a considerable variation in the dif- 
ferent preparations of ethylapoquinin. We have been able to com- 
pare samples made in Japan, in Germany and at the Mellon Institute. 
(2) All of the preparations of ethylapoquinin which we have examined 
showing a levorotatory power of 180 or less were very toxic and as the 
optical activity rose above —200, toxicity definitely decreased. 
Cretcher^ has pointed to this fact as being of great practical value in 
the preparation of tliis compound. On the other hand, the actual 
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Chart II. 

level of the levorotarory power does not necessarily indicate the 
relative degree of toxicity as Chart III shows in the last two num- 
bers, 15 and 31. This chart also shows in preparations 23 and 26, 
which represent a fairly pure end product, how earlier fractions of 
the same preparations varied in their toxicity as noted in 18 and 22 
(for end product 23) and 24, 25 and 27 (for end product 26). In 
Chart III only 10 mice were used for the toxic fractions as indicated 
in derivatives numbered 18 and 22; in 25, 26 and 27. There is 
probably an inaccuracy in Chart III which shows 23 at 2 mg. (15 
mice) with a higher level of death than 23 at 3 mg. (30 mice). The 
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error of determination of toxicity is of course less with 30 animals 
than with' 10 or 15 in a group.* In all the other columns 30 mice 
were used. 

Chart IV shows the relative toxicity of the quinin derivatives. 
It is to be noted that the ethylapoquinins vary appreciably. Prepa- 
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Chart IV. Comparative toxicity of the hydrochlorids of ethylhydrocuprein 
(0), hydroxyethylhydrocuprein (7), ethylapoquinin (15), (31), (32), hydroxyethyl- 
apoquinin (30). 
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ration 15 (Japan) is more toxic than 32 (hlellon Institute), while 
31 (Germany) is slightly less toxic but also slightly less protective 
(Chart V) than 32. Of greater interest to us was the curve of 
hydroxj'-ethylapoquinin, 30. This derivative is less toxic than any 
ethylapoquinin studied. Finally in hydroxyethylhydrocuprein, 7, 
we have the least toxic of all derivatives that we have examined. 
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Chart V. — Comparative protective power of the hydrochlorids of ethylhydro- 
cuprein (0), ethylapoquinin (15), (31), (32), hydroxyethylhydrocuprein (7), hydroxy- 
ethylapoquinin (30). 
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The protection of mice against intraperitoneal injections of 
pneumococci was carried out in the following manner; 0.1 cc. of 
an IS-hour broth culture of pneumococcus, which in the same 
quantity in a dilution of, 1 to 1000 would kill 20- to 22-gm. mice in 
from 16 to 20 hours, was injected into the peritoneal cavity. This 
dose is, therefore, 1000 times the lethal dose. One half hour after 
the injection, the quinin derivative was given ihtraperitoneally in 
3 different dosages, namely, 0.5 mg., 1 mg. and 2 mg. In each series 
of protective experiments for each dose 30 mice were used, but as 
optochin was used as a control drug in all protective tests, except 
with 31, each dark column for optochin represents 60 mice. Further 
for each group of 30 mice in all of the protection tests, 6 controls 
were used, and of this number, 120 in all, only 5 failed to die. 
Chart V indicates that ethylapoquinin is superior to optochin in 
protection more definitely noted in the smaller doses, 0.5 and 1 mg. 
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The different ethylapoquinins also vary a little in their protective 
power. Hydroxyethylapoquinin appears to be more powerful than 
ethylapoquinin except 15, which is, however, the most toxic ethyl- 
apoquinin. Hydroxyethylhydrocuprein lags somewhat in its pro- 
tective power, except in the large dose of 2 mg., where the difference 
is not great. 

Summary. Our work, therefore, confirms what Miura and 
Okamoto stated in reference to the superior protective power of 
ethylapoquinin over optochin in experimental pneumococcus infec- 
tion of mice. We have noted that ethylapoquinin varies consid- 
erably in its toxicity depending upon its chemical purity. The 
lessened toxicity fortunately does not diminish its protective power. 
Clearly these variations in the different samples of ethylapoquinin 
must be taken into consideration in interpreting the results of 
experimentation, and most decidedly this must be remembered if 
later this derivative is to be used clinically. It is noteworthy that 
the estimation of the degree of levorotatory power in ethylapoquinin 
has been of value as a physical test for the toxicity of the derivative. 
The chemists believe that this physical property will be of great 
aid in the actual preparation of this substance, which can be very 
toxic in its action on animals if impure. 

Of the two new derivatives, hydroxj'^ethylapoquinin is the more 
important. This preparation has less toxicity than any of the 
ethylapoquinins and greater antipneumococcic power than any of 
them except 15. According to our data the latter preparation (15) 
was as toxic as optochin. The low toxicity of hydroxyethylapo- 
quinin combined with its high protective power as in^cated by 
the experimental results show it to be superior to the ethylapoqui- 
nins. Hydroxyethylhydrocuprein is the least toxic and although 
its protective action is not as great as any of the other derivatives 
described above, yet its low toxicity makes this compound of definite 
interest. 
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SiicCE the introduction of amino-acid therapy in the treatment of 
muscular dystrophies and atrophies, conflicting reports have 
appeared in the literature. A rewew of our treated cases and 
those of other workers* shows that studies on creatin-creatinin 
metabolism have been made which we believe important. It may 
be somewhat difficult for the clinician to distinguish between the 
myopathies due to abiotrophic changes in the muscles themselves 
and those due to nerve injury. Also there are no definite criteria 
by which to predict the results in any given case before amino-acid 
therapy is begun or after its administration over a short period of 
time. There are several factors which may influence the prognosis 
in a given case. These are the ^-pe and duration of the disease, the 
age of the patient, coexisting infections and other systemic diseases 
and the amount of functional muscle tissue remaining in the patient. 
Our re^^ew of the results achieved leads us to believe that, after 
consideration of these factors, a study of creatinuria maj^ prove 
a real aid in the early diagnosis and prediction of the therapeutic 
result possible in a particular case. 

Direct chemical and histologic studies of the diseased muscles 
before and after amino-acid therapy may also yield information of 
much prognostic value. Such studies have- been made by Tripoli 
and Beard,* iMilhorat- and by Reinhold and coworkers.^ The latter 
investigators showed that, in cases of advanced muscular dystrophy, 
a reduction in the concentration of various muscular constituents 
to about 5 or 10% of their normal value occurred, while in earlier 
cases this reduction amounted to but 50% of the normal value, 
^lost conspicuous was the reduction in the creatin content of the 
muscle. After glycin therapy a restoration of the muscle constitu- 

* a preliminarj- report of these studies was presented before the Biochemical 
Div'ision of the American Chemical Society at the S7th meeting, St. Petersburg, Fla., 
March 27, 1934. 
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ents took place, especiall 5 ’- of total nitrogen and of creatin. Histo- 
logic studies were in accord with these chemical findings. 

We wish to -present in this paper our observations on creatin- 
creatinin metabolism in 30 of our cases, with especial reference to 
the relationship between the creatinuria and the diagnosis and 
prognosis following the institution of amino-acid therapy. 

Methods. The daily' excretion of total creatinin, preformed creatinin 
and creatin in the urine was studied during a control period of 5 days. 
At the end of this time from 10 to 15 gm. of glj’'cin or glutamic acid were 
given daily in water, milk or fruit juice. No change was made in the usual 
diet of the patients. The effect of this treatment upon the excretion of 
the creatin bodies was studied in 24-hour specimens of urine for 3 similar 
periods of 5 days each. Total creatinin was determined by the method 
of Benedict and Myers® and preformed creatinin by the method of Folin.® 
The daily excretion of total creatinin minus the excretion of the preformed 
creatinm times 1.16 is equivalent to the daily creatin output. 

Table 1.— Cbeatin-Ceeatinin Metabolism in Various Myopathies After 
Amino-acid Therapy. (Average 24-houb Excretion in Different 
Periods.) (Average Values for Each Group.) (Beard, 

Andes and Tripoli.) 
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Results. — Group 1, objective and subjective improvement; Group 2, subjective improvement; Group 3, 
no improvement. 

* Cases 1 to 10 were: Pseudohypertrophic muscular dystrophy, 4; progressive muscular dystrophy, 3* and 
1 each of "Psychopathic inferiority comple.v” (disuse atrophy), early spinomuscular atrophy and strabismus. 

t Cases 11 to 17 were: Amyotrophic lateral sclerosis, 4; and 1 each of hypothyroid-hypopituitary, multiple 
sclerosis and spinomuscular dystrophy. 

t Cases 18 to 30 were: Pseudohypertrophic muscular dystrophy, 3; progressive spinomuscular atrophy, 2; 
poliomyelitis, 2; and 1 each of "Friedreich's ataxia,” tabes dorsalis with muscular dystrophy, muscular atrophy 
following radial nerve injurj-, von Recklinghausen’s disease, “Jamaica ginger paralysis” and paresis with mus- 
cular atrophy. 

Remits and Discussion. The average results obtained are listed 
in Table 1. For purposes of comparison we may divide the cases 
into 3 groups, as follows; 

Group 1 (Cases 1 to 10). Patients in whom the average creatin 
excretion rose from 50 to 200% above that of the control period 
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(proiaded this increased creatinuria soon disappeared in the third 
or subsequent period), showed both subjective and objective 
improvement. Cases 8 and 10 were the exceptions. In the latter 
the amino-acid therapy apparently helped the patient to retain the 
large amount of creatin excreted daily. 

Group 2 (Cases 11 to 17). Some neuromuscular patients, who 
showed about the same degree of increase and decrease in creatinuria 
as those of Group 1, showed only subjective improvement or had 
arrest of progress of their clinical s^ymptoms. ' 

Group 3 (Cases 18 to 30). Patients in which no increased 
creatinuria occurred, or where it was less than 50% above that 
observed in the control period, showed no improvement. Excep- 
tions were Cases 18 and 25. 

The correlation of the increased creatinuria with clinical im- 
provement is further shown in the observations of other investi- 
gators^’®'*®'”'^- in this field (Table 2). 


T.'lble 2. — The Prognostic Significance of Creatinuria in Cases of Various 
iMropATHiEs During Amino-acid Therapy. (Combined 
Resuets of Other Authors.) 


Myopathy. 

No. of 
cases. 

Creatin-1 
urea. i 
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Progressive muscular 
dystrophy 
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Marked improvement 
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14' 

+ + ; 
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Progressive muscular 
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7 
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1 
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1 
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1 

Pseudohype rtrophic 
muscular atrophy 

3 

1 +4- 1 

1 j 

Marked improvement 

Milhorat, Techner and 

I Thomas.'" 

Myasthenia gravis 

20 

1 +++' 

Marked improvement 

1 Boothby." 

Pseudohypertrophic 
muscular dystrophy 

2 

-n- 

Good improvement 

j Mettel and Slocum.'" 


Creatin Excretion. The average variation of the creatinuria 
before amino-acid therapy was from 0.07 to 1.63 gm. in the 17 cases 
which improved or in which the progress of the disease had been 
arrested. In the remaining 13 cases which showed no improvement 
the average creatin excretion i^aried from 0.0 to 1.43 gm. Thus 
the degree of initial creatinuria seems to bear little relation to the 
subsequent clinical improvement in the patient after amino-acid 
therapy. 

hlost of our patients who improved showed an e.xcellent ability 
to form creatin from the amino acids. This confirms the fact that 
the metabolic fault of the myopathy patient is not the inability to 
form creatin, but an inability to retain and utilize the creatin in 
the muscles. A subsequent disappearance of the creatinuria and 
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storage of creatin in the muscles is then associated with clinical 
improvement. 

It is significant from the diagnostic and prognostic points of view 
that no increased creatinuria (above 50% of that of the control 
period) after amino-acid therapy was observed in Cases 18 to 30, 
most of which were suffering from neuromuscular conditions. This 
e^'idently indicates that the lower motor nemone (trophic unit) 
vnth the muscle it innervates is necessary, not only for the func- 
tional activity of the muscle, but also for creatin formation from 
amino acids. We believe that this lack of increased creatinuria 
after amino-acid therapy may prove to be a real aid in distinguishing 
the neuromuscular conditions from the muscular dystrophies. Pos- 
sibly this fact may also explain why very little, if any, objective 
improvement is to be expected in these neuromuscular conditions, 
whereas in the muscular dystrophies and particularly in cases of 
myasthenia gra\'is which are probably primarily muscular condi- 
tions, objective improvement may and does occur after amino-acid 
therapy. If the above reasoning is correct, it would seem that, 
from the metabolic point of view, the 4 cases of amyotrophic lateral 
sclerosis (Cases 11 to 14) would stand midway between the dys- 
trophies and the other neuromuscular conditions, even though they 
are muscular diseases due to lesions in the central nervous system. 
In these cases increased creatin formation and excretion were asso- 
ciated with only subjective improvement. 

Harris and Brand'^ stated that their patients with muscular 
dystrophy usually excreted larger amounts of creatin than com- 
parable patients suffering from neuromuscular conditions. The 
average creatin excretion of our first 10 cases suffering from dys- 
trophies was 0.50 gm.; in the 15 neuromuscular cases it was 0.73 gm.- 
Thus the initial creatinuria in both types of diseases was about the 
same. 

Adams,® in a preliminary paper, stated that the increase in creatin 
after glycin therapy appears to be proportional to the degree of 
creatimuia before glycin is administered. The creatin excretion, 
before amino-acid therapy in the 30 cases reported in this paper, 
was practically constant from day to day in 20 patients, while in 
the remaining 10 it varied from 50 to 200%. The data for our 
16 cases which showed subjective and objective improvement show 
that the ability of the patient to form, utilize, or excrete creatin is 
probably not necessarily dependent upon the degree of his creatin- 
uria before amino-acid therapy is begun, but rather upon the degree 
of increased and decreased creatinuria after the therapy is instituted. 

Creatinin Excretion. The average variation in the daily pre- 
formed creatinin excretion before amino-acid therapy was from 
0.15 gm. to 1.69 gm. Accepting 1.50 gm. as about the normal 
daily creatinin excretion we had 5 patients who excreted from 
1.50 to 1.70 gm.; 6 from 1 to 1.50 gm. and 19 below 1 gm. The 
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average dailj’- amount exereted by all patients was 0.S5 gm. This 
confirms the well-known fact that the creatinin excretion is below 
normal in different types of myopathies. In IS patients the daily 
creatinin excretion was practically constant, Avhile in 12 patients 
it varied from 0.15 to 1.30 gin. 

It is generally believed that the creatinin output is not affected 
in the myopathies after amino-acid therapy. Our previous results 
and those of several others*®-’'* show definitely that the creatinin 
output can be increased in normal animals and man, as well as in 
the myopathies after amino-acid therapy. In 15 patients reported 
in this paper the creatinin excretion increased from 11 to 67% 
above that of the control period after amino-acid therapy. This 
affords additional evidence of the exogenous origin of creatinin 
from the amino acids of the diet. 


Table 3. — The Efeect of Amino-acid Ingestion Upon the Distihbution of 
Nithogen in the UniNE IN Different Myopathies. Average Values. 
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In 3 of our cases we made a study of the eflect of amino-acid 
ingestion upon the distribution of nitrogen in the urine in the form 
of total, urea, ammonia, uric acid, creatin, creatinin and undeter- 
mined nitrogen (Table 3). There was no significant change during 
the first jieriod after amino-acid ingestion in the excretion of the 
total, urea, ammonia and uric acid nitrogen in the 3 cases, with 
the possible exception of a slight rise in the first period in the total 
and urea nitrogen in the case of amyotrophic lateral sclerosis. In 
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this case there was also an increase of 45 % in creatin excretion which 
later disappeared. The increase in creatinin excretion was 40, 26 
and 17% greater in the 3 experimental periods than it was in the 
control period. In the case of tabes dorsalis there was a 32% 
increase in creatin excretion in the first experimental period with 
no corresponding increase in creatinin excretion. In case of pro- 
gressive pseudohypertrophic muscular dystrophy there was no 
increased creatin or creatinin excretion. These results are in accord 
with the observations of Adams, ^ who observed that in a case of 
myasthenia gravis no significant changes occurred in nitrogen, 
phosphorus or sulphur balance after amino-acid ingestion. 

It is significant here that in 1 case there was an increased creatinin 
output with no corresponding change in excretion of other nitro- 
genous substances, while in the other 2 cases, despite the increased 
amino-acid intake, no corresponding increase in different forms of 
nitrogen was noted. This observation in the latter 2 cases may be 
explained by a lack of amino-acid absorption or a defect in protein 
metabolism, as evidenced by the work of other investigators.^ 
Further studies in this direction are contemplated. 

Our studies confirm and extend those of Milhorat,^ who observed 
increased creatinuria after glycin administration in cases of mus- 
cular dystrophy but not in cases of secondary muscular atrophy. 
Milhorat pointed out that glycin was helpful in the differential 
diagnosis between the primary myopathies and secondary degen- 
erations. 

Summary. The creatin and creatinin excretion in the urine of 
30 of our 46 patients suffering from various myopathies has been 
studied before and after the institution of amino-acid therapy. 

Both subjective and objective clinical improvement were observed 
in 10 patients and subjective improvement only in 7 patients whose 
creatin excretion rose from 50 to 200% above that of the control 
period, provided this increased creatinuria soon disappeared or 
returned to the control level. In 4 other cases, the progress of the 
disease was arrested. 

No clinical improvement took place in 13 cases, 9 of which were 
suffering from neuromuscular conations, in which increased creatin- 
uria was absent or less than 50% above that of the control period. 

The possible ^ diagnostic and prognostic significance of these 
creatinuria studies in the myopathies treated with amino acids is 
discussed. 

The results of these studies again confirm our view that both 
creatin and creatinin may have an exogenous origin from the 
amino acids of the diet. 

^ Amino-acid therapy had little effect upon the distribution of 
nitrogen in the urine of 3 cases in the form of the total, urea, ammo- 
nia, uric acid and undetermined nitrogen. The increase in creatin 
and ereatinin exeretion was affected in only 1 of these cases. 
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Evadence is presented that the lower motor neurone (tropic unit) 
with the muscle it innervates must be functionally intact for creatin 
formation from the amino acids. 
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ARTERIOLAR ESSENTIAL HYPERTENSION AND ACTIVE 
TUBERCULOSIS: THEIR RARE ASSOCIATION. 

By David Ayman, M.D., 

BOSTON, MASS. 

(From the Medical Clinic of the Peter Bent Brigham Hospital.) 

It has often been noted that active tuberculosis and arteriolar 
essential hypertension are rarely found together.i-^ Of the more 
recent and accurate studies of blood pressure in tuberculosis^ 
Grant,® in 1921, found that 5 of 140 patients vdth pulmonary 
tuberculosis had a systolic blood pressure abo.ve 150 mm. Betchov 
and Farbarge-VaiB noted that only 1 of 157 tuberculous patients 
had a sj-tolic blood pressure above 150 mm. Stivelman® found 
that 10% of 464 tuberculous patients, from 16 to 30 years of age, 
had blood pressures over 135 mm. and over 140 mm. in older 
patients. He did not present the actual readings, and it is possible 
that most of these elevations were between 135 and 150 mm. 
Masten'*'® strengthens this possibilitj" by finding that of 230 tuber- 
culous patients, 6.5% had blood pressures above the average 
normal; yet, only 2.6% had systolic pressures 150 mm. or more. 
In 504 cases of active tuberculosis, Bunta'*’® found only 1 case vith 
“absolute hypertension;” 146 systolic, 88 diastolic. Of 240 cases 
of active tuberculosis seen by the author, not 1 patient vdth a blood 
pressure above 150 mm. was encountered. 
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The reasons for the rare association of the two diseases are not 
conclusive. Although essential hypertension is chiefly a disease 
of midlife, and active tuberculosis primarily a disease of the flrst 
three decades, there are many middle-aged persons with active 
tuberculosis. Of 212 tuberculous patients, the author found that 
39% were over 40 and 13% were over 50 years of age; yet hyperten- 
sion was not encountered. It is possible that the tuberculous 
toxemia has a hypotensive action and lowers a previously high 
blood pressure. It is also to be noted that the two diseases tend to 
occur in different physical types, the hypertensive patient tending 
to have a short thick neck and a short wide thorax, whereas active 
tuberculosis tends to occur in the long lean person. It is possible 
that the former type is more capable of resisting tuberculosis.^ 
Finally, it is stated that on the uncommon occasions when arteriolar 
hypertension and active tuberculosis occur together, the tubercu- 
losis is apt to be mild, of the fibroid type and but slightly pro- 
gress! ve.^’^-^'®'’ 

It is clear that the two diseases occm- together rarely, and when 
they do, the tuberculosis tends to be mild. It is important to 
know (1) whether hypertensive patients really have had tuberculous 
infection in early life as often as non-hypertensive people, and 
(2) what is the nature of the apparently greater resistance of the 
hypertensive patient to active tuberculosis. 

Present Study. Since it is known that from 80% to 100% of 
adults have positive skin reactions to tuberculin'® and have post- 
mortem findings of healed tuberculosis," it would seem likely that 
most if not all hypertensive patients would also have such evidence 
of old tuberculous infection. Yet it is possible that a much lower 
incidence of positive tuberculin reactions and of healed tuberculosis 
at postmortem might be found in hypertensive patients. This 
possibility has been checked by (1) analyzing for tuberculosis the 
family history, past history and postmortem findings in a group of 
hypertensive patients, and (2) carrying out the routine intracutane- 
ous tuberculin test in a group of hypertensive patients. 

To determine whether the hypertensive patient has a different 
degree of resistance or immunity to tuberculosis, the tuberculin 
test has been utilized further. The relationship of the intracutane- 
ous tuberculin reaction to immunity and resistance is not settled. 
Many believe that the tuberculin reaction and immunity tend to 
parallel each other.'^ Yet it has recently been reported that a 
high degree of reaction to tuberculoprotein seems to hasten the 
progress of tuberculosis rather than increase resistance.'® Yfiiich- 
ever of these conflicting ideas is correet, it would be of value to 
know whether hypertensive patients react to tuberculin in a greater 
or lesser degree than non-hypertensive persons. Therefore, in the 
present study, instead of using only the usual 1 to 1000 dilution 
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of tuberculin, dilutions up to 1 to 100,000 were used in order to 
note any difference in reaction between bj^iertensive and non- 
hypertensive persons. 

The patients used in this study were; (1) Hypertensive ward 
patients vdth blood pressure readings of 1,60 systolic, 90 diastolic 
or more; and (2) ward patients beyond the age of 45, in whom the 
blood pressure was systolic 130 or less and diastolic less than 90 mm. 

Results. 1. Family and Past Histories of Tuberculosis in Hyper- 
tensive Patients. Analysis of the records of 190 ward patients with 
essential hypertension and of 101 ward patients with normal blood 
pressure, and beyond the age of 45, showed a similar incidence of 
pleurisy, past and family histories for tuberculosis (Table 1). 


Table 1. — Incidence of Tuberculous Histories in (1) Hypertensive Persons, 
AND (2) Persons With Normal Blood Pressure. 



Family history 

Past history 

Past history 


of tuberculosis. 

of tuberculosis. 

of pleurisy. 


% 

% 

% 

190 hypertensives 

. . . . 16 

1.6 

3.2 

101 controls .... 

. . . . 21 

3.0 

0 


2. Postmortem Evidence of Tubercidosis in Essential Hypertension. 
The postmortem records of SO patients with essential hypertension 
were analyzed for ewdence of tuberculosis. Of the SO patients, 
56 died of heart failure or cerebral hemorrhage; 10 of the SO died 
of lobar or bronchopneumonia; the remaining 14 of cancer, cirrhosis 
of liver, etc. In 46 of the SO cases, the pleura had old fibrous 
adhesions over, the upper lobe, usually at the apices, and often in 
both lungs. Cases with fresh adhesions or adhesions at the bases 
only were not included in the above 46 cases. In 14 of the SO cases 
there was a family history of tuberculosis, and in 10 of the 14, 
adhesions were present but in no more abundance than in those with 
no family history of tuberculosis. In 19 of the SO cases there were 
grossly calcified areas seen in the lung parenchyma. In 6 other 
cases, microscopic evidence of tuberculosis of the hilar or mesenteric 
glands was found. In 1 of these cases, caseous necrosis was seen, 
while from another case an injection of gland material into a guinea 
pig gave positive results for active tuberculosis. In the latter case 
there was no clinical ewdence of active tuberculosis. 

3. Reactions of Hypertensive Patients to Different Dilutions of Old 
Tuhcrcidin. A group of 40 ward hypertensive patients, average 
age of 5S, and 55 ward patients vdth normal blood pressure, average 
age of 50, were studied with varying dilutions of intracutaneous 
tuberculin injections. The dilutions and amount used were 0.1 cc. 
of 1 to 1000, 1 to 10,000, 1 to 50,000 and 1 to 100,000. Each 
patient received the 4 injections at one time at separate sites on 
the forearms. At the end of 48 hours the reactions were read in 
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millimeters in three dimensions. Any area of induration was 
considered a positive reaction. 

As seen in Table 2, there was a similar percentage both of positive 
reactions and of size of reactions to the varying dilutions, in the 
hypertensive persons as compared with the patients with normal 
blood pressm-e. In general, there was no significant difference in 
the amount of elevation of induration in either group of patients. 


Table 2. — Positive Reactions to Tuberculin in Hypertensive Persons and 
' Those With Normal Blood Pressure. 


Dilution of tuberculin . 

1 to 1000 

1 to 10,000 

1 to 50,000 

1 to 100,000 

Positive reactions, % : 

40 hypertensives . 

90.0 

55.0 

42.0 

30.0 

55 controls 

91.0 

61.0 

33.0 

26.0 

Average diameter of reac- 
tions, mm.; 

40 hypertensives . 

19.0 

■ 10.9 

5.7 

6.0 

55 controls 

16.6 

8.0 

5.2 

5.7 


Summary and Conclusions. Analyses of postmortem findings, 
and of the past and family histories showed that the hypertensive 
patients had tuberculous infection at some time in life. Studies 
with tuberculin showed that 90% of the hypertensive patients and 
91 per cent of the controls mth normal blood pressure had tuber- 
culous. infection at some time in the past. The analyses of the 
reactions to the 1 to 10,000, 1 to 50,000 and 1 to 100,000 dilutions 
of tuberculin, used in an effort to disclose different degrees of sen- 
sitiveness or resistance, showed no significant difference in frequencj'' 
or size of reaction in the hypertensive patients as compared with the 
control subjects. Therefore, while clinical experience indicates that 
arteriolar essential hypertension and active tuberculosis occur 
together uncommonly, the present study does not supply the 
reason for this observation. 
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DELAYED EESOLUTION IN LOBAE PNEUMONIA AND ITS 
EELATIONSHIP TO PEEEXISTING SYPHILIS. 

By Albert Weinstein, M.D., 

RESIDENT PHYSICIAN, VANDERBILT UNIYERSITY’ HOSPITAL, 

NASHVILLE. TENN., 

AND 

Morton Goodman, M.D., 

ELI LILLY RESEARCH FELLOW IN MEDICINE, 

BALTIMORE. MD. 

(From the Syphilis Division of the Medical Clinic, The Johns Hopkins Hospital, 
and the Department of Medicine, Vanderbilt University Medical School.) 

The conception that syphilis predisposes to the complications of 
acute lobar pneumonia and particularly to delayed resolution has 
been advanced by Fitz-Hugh,^ Kampmeier^, and Youmans and 
Kampmeief.^ Others, for example Lieven,^ are not in accord with 
this ^’iew. In the reports of each of the above-mentioned authors 
the number of patients studied is relatively small. It seemed desir- 
able to evaluate the possibility that sjqihilis may be a factor in 
predisposing to delay of resolution in lobar pneumonia, and an 
analysis of 509 cases is reported in this communication. The recent 
occurrence on the wards of the Johns Hopkins Hospital within a 
period of 2 months of 3 cases of unresolved pneumonia in patients 
with sj^philis gave an added impetus to this study. 

Material. The material for tliis analysis includes; (1) AU cases of acute 
lobar pneumonia admitted to the Johns Hopkins Hospital for the 8-year 
period ending, May, 1933; (2) all the cases of acute lobar pneumonia 
admitted to the Vanderbilt University Hospital for the same period; 
(3) all patients vdth this infection admitted to the Baltimore City Hospital 
for the years 1929-1932, inclusive; (4) certain observations also were made 
on all tlie cases in the files of the Pathological Department of the Johns 
Hopkins Hospital with a necropsy diagnosis of chronic fibroid pneumonia, 
bronchiectasis, lung abscess, organizing pneumonia or unresolved pneu- 
monia for the 7-3'ear period ending, May, 1931. 

We selected 509 cases of acute lobar pneumonia from almost 900 protocols, 
including onty those records in which the Wassermann reaction on the blood 
serum had been recorded, in winch there was no antecedent pulmonarj'^ 
disease, such as tuberculosis, and in which there was no question whatever 
of the diagnosis of lobar pneumonia. The clinical sjnnptoms and signs 
were essentiallj' characteristic in each instance. Demonstration of the 
etiologic pneumococcus was obtained in the majority of the cases. Patients 
treated with Type I antipneumococcus serum are e.xcluded. 

Analysis of Cases of Lobar Pneumonia. The patients are almost 
equally distributed in number between the white and colored races— 
white, 262 (51.5%); colored, 247 (48.5%). Of the entire group, 
139 (27.3%) had sjqihilis; 50.2% of the colored group were sjqihilitic 
as compared with 6.9% of the white patients. The 4 main groups 
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of pneumococcus appear with equal frequency in the syphilitic and 

non-syphilitic cases. r • i 

The cases are arbitrarily placed for study into 4 mam clinical 
groups according to the clinical outcome; (1) Crisis, (2) lysis in 
7 days or less; (3) lysis in 7 to 14 days; (4) lysis in 15 or more days. 

Crisis. In this group are placed those patients in whom the acute 
phase of the disease terminated by fairly abrupt clinical improve- 
ment characterized by a sharp fall in the temperature, pulse and 
respiratory rate, and followed shortly by a disappearance of abnor- 
mal physical signs. Termination of the pneumonia by crisis oc- 
curred in 141 (27.7%) of the 509 patients. _ This phenomenon oc- 
curred in 39 (28%) of the group with sjqihilis and in 103 (27.5%) 
of the non-syphilities. In patients wuth syphilis, crisis occurred in 
■ an average of 7.2 days, and in the non-syphilitic group, in 7 days. 


Table I.— Clinical Outcome op Pneumonia in Syphilitic and 
Non-syphilitic Cases. 

Clinical outcome. 



Total syphilitic, 

Total nou-syphilitio, 


139 cases. 

370 cases. 

Crisis 

39 (28.0%) 

102 (27.5%) 

Lysis in less than 7 days .... 

26 (17.0%) 

88 (23.7%) 

Lysis in 7 to 14 days 

9 ( 6.4%) 

34 ( 9.1%) 

Lysis in more than 15 days “ unresolved 
pneumonia” 

15 (10.7%) 

30 ( 8.1%) 

Empyema 

5 ( 3.6%) 

23 ( 6,2%) 

Died; 

Pneumonia or direct complications . 

31 (22.3%) 

74 (20.0%) 

Pneumonia complicated by other 
diseases 

14 (10.0%) 

19 ( 5,1%) 

Lysis in less than 7 days: In 

this group 

are included those 


patients in whom the pneumonia underwent a less abrupt clinical 
improvement. The physical signs cleared and the temperature 
and pulse fell gradually to normal over a period of 7 days or less. 
Such resolution occurred in 26 (17%) of the syphilitics and in 88 
(23.7 %) of those without syphilis. 

Lysis in 7 to 14 days: This classification includes those patients 
in whom termination of the disease was associated with a gradual 
defervescence of fever and pulse rate and the clearing of abnormal 
clinical and roentgenologic signs over a period of 2 weeks from the 
beginning of recovery. This type of healing occurred in 9 (6.4%) 
of the group with sjqihilis and in 34 (9.1%) of those without this 
infection. 

Lysis in 16 days or more: In this group are included those 
patients who, though much improved or essentially clinically well, 
continued to exhibit abnormal physical signs or substantial changes 
in the Roentgen ray films of the chest for more than 2 weeks after 
the termination of the acute phase of the illness. Such a classifica- 
tion is designed to include those cases ordinarily diagnosed as 
delayed resolution” or “unresolved pneumonia.” Of the 45 
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patients in tliis group, 15 had sj'philis and 30 had not. Of the 
139 cases in the entire series ivith syphilis, 10.7% showed such a 
retarded resolution as compared ivith 8.1% of the 370 patients who 
were non-syphilitic. The age distribution of the patients in this 
class paralleled roughly that of the whole group. No particular 
lobe of the lung seemed to be involved with undue frequency. 
The occurrence of the various tjqies of pneumococci in these cases 
corresponded quite closely with their frequency in the entire series, 
except for the pneumococcus Group III which occurred but once. 

Other Comphcations of Pneumonia. Bacteremia was noted with 
about equal frequency among the sjqihilitics and the non-syphilitics 
with pneumonia. Empyema occurred in 28 of the 509 cases. 
This complication was present in 23 (6.2%) of the non-syphilitic 
group in contrast to 5 instances of it (3.6%) in the group with 
syphilis. It is of interest that empyema occurred 3.5 times as 
frequently in the white race as in the colored (22 in 262 white 
patients; 6 in 247 colored patients). Of the 4 cases which devel- 
oped lung abscesses, 2 were syphilitic and 2 non-syphilitic. Bron- 
chiectasis was not noted as a sequel of pneumonia, though in many 
instances the patients were not followed for a period sufficiently 
long to note the development of such late complications. 

Mortality. Of the 509 patients reviewed in this series, 138 
(27.1%) died. Of these, 105 died directly of pneumonia or com- 
plications of this infection (pneumococcus endocarditis, pericarditis, 
empyema, etc.), while the other 33 patients exhibited associated 
illnesses which contributed to death (heart disease, diabetes mellitus, 
etc.). Of the 105 patients who died of pneumonia or its direct 
complications, there was proportionate distribution among the 
SJ^3hilitics— 31 cases (22.3%)— and the non-syphilitics— 74 (20%). 

Necropsy Data. An attempt was made to determine whether any 
relationship existed between s\'philis and chronic pulmonary infec- 
tion other than that directly attributable to an antecedent attack 
of acute lobar pneumonia. For this purpose the autopsy records 
of the Johns Hopkins Hospital were reviewed for the 7-year period 
ending, jMay, 1931. The lesions included in this survey were those 
indexed as ehronic fibroid pneumonia, lung abscess, erapj^ema, 
bronchiectasis and organizing pneumonia. The following groups 
of cases were excluded: (1) Infants and children under 15 years of 
age and all those above this age rvith congenital sjq)hilis, since 
this study is concerned only with acquired sjq)hilis; (2) all patients 
in whom some obvious extrathoracic focus was the source of meta- 
static pulmonary infection; (3) tumors of the mediastinum produc- 
ing bronchial obstruction with resultant bronchiectasis, a group 
which included several cases of aneurysm of the aorta; (4) pulmonary 
infection associated with neoplasm; (5) those cases in which the 
blood lYassermann reactions were not recorded in the clinical 
records; (6) all granulomatous infections of the lungs (tuberculosis. 
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fungus, infection, etc.) ; (7) all instances in wliicli pulmonary infec- 
tion was obviously fairly acute in its histologic appearance or less 
than 3 or 4 weeks’ duration as judged from the clinical history. 
In short, the cases selected for study are those of chronic pulmonary 
infection of one form or another, other than those residual lesions 
directly traceable to lobar pneumonia. 

During this 7-year period, 4000 necropsies were performed in 
the Johns Hopkins Hospital. After the groups indicated above 
are excluded, only 30 protocols of cases with chronic pulmonary 
infection remain for analysis. Of these, only 5 (16.6%) were 
syphilitic, a figure .which is quite close to the general hospital 
incidence for this infection.® It appears from these data that there 
is no appreciable predisposing relationship between syphilis and 
chronic pulmonary infection as defined above. 

Results of Antisyphilitic Treatment in Unresolved Pneumonia. Head 
and Seabloom,® in 1919, reported beneficial results following the 
administration of arsphenamin to 3 colored male syphilitic patients 
with unresolved pneumonia. The in j ections of the drug were started 
4, 6 and 9 weeks, respectively, after the temperature became normal. 
These writers were of the opinion that the specific treatment hast- 
ened the process of resolution in these cases. 

Four of the patients in this report, in whom resolution of pneu- 
monia was delayed for over a month ('' unresolved pneumonia”), 
received antisyphilitic treatment. 

Case Abstracts. Case 1.— A. T. (Unit No. 49201) contracted syphilis 
2 years before the onset of pneumonia. He was given 8 injections of 
arsphenamin and 16 of a bismuth preparation over a period of 9 months, 
the last treatment being administered 9 weeks prior to the onset of his acute 
illness. He was admitted to the wards on the 4th day of pneumonia, 
with consolidation of all lobes of his lungs except the left upper. Group IV 
pneumococci were isolated from the sputum. The temperature began to 
drop on the 6th day of his illness, and, though it was quite normal 5 days 
later, resolution of the pulmonary consolidation was very much delayed. 
On the 31st day after the temperature had become normal he stiU showed 
extensive signs of unresolved pneumonia, though the process was slowly 
clearing. Potassium iodid, 6 gm. daily, was started at this time; and on 
the 40th afebrile day he received 0.3 gm. of neoarsphenamin intravenously. 
He then received arsphenamin, 0.4 gm., intravenously, once a week for 
4 weeks. At the end of this time he still presented definite roentgeno- 
graphic and physical signs of unresolved pneumonia at both bases. He 
was then given at weekly intervals 4 injections of bismuth salicylate, 
0.2 gm., and then arsphenamin again for 3 weeks. At the end of tliis time 
a Roentgen ray film of the chest showed that the lungs were essentially 
clear but there was stiU demonstrable some percussion impairment and a 
few rales at both bases. Each of several observers felt that there was no 
conspicuous acceleration of absorption of the unresolved pneumonic process 
in this case after the institution of antisyphilitic treatment. 

Case 2.— R. A. (Unit No. 48665), a colored male, aged 45, was admitted 
on the 8th day of lobar pneumonia. He was very ill and showed physical 
signs mdicating consolidation of his entire right lung. The temperature 
fell gradualb” to normal udtliin a week and, although he felt quite well, 
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plij^sical and roeutgenographic signs had cleared but little. After the 
temperature had remained normal for 1 u'cek he was^ given 3 gm. of potas- 
sium iodid a day and 0.2 gm. of bismuth salicjdate intramuscularly every 
5 days. This therapy was continued for 4 weeks, during which time slight 
resolution of the lung lesion was noted. _ He was then given 0.1 gm. neo- 
arsphenamin intravenously (he had S 3 ^hilitic aortitis and the initial treat- 
ment was accordingly mild), and was discharged to the Out-patient Depart- 
ment. He did not return, however, until 3 weeks later and at that time, 
though the Roentgen ray e-xamination showed almost complete clearing, 
minimal signs of consolidation w'ere still demonstrable. 

A third patient is described here in considering the effect of 
antisj^philitic treatment, though he is not considered above in the 
analysis of clinical cases because he received antipneumococcus 
serum. 

Case 3.~J. P. (Unit No. 49363), a colored male, aged 24, developed a 
penile chancre for wliich he received 5 injections of arsphenamin. He 
failed to return to the clinic for further treatment for 2 months, after 
which time he returned noth a neurorecurrence. He was then given 
2 injections of 0.5 gm. arsphenamin at weekly intervals. Two days after 
the last injection he became acutely ill noth lobar pneumonia. The illness 
was unusually severe. Group I pneumococci were cultured from Iris blood. 
He was treated ndth Felton’s antipneumococcus serum. Abnormal physical 
signs and changes in the Roentgen ray' persisted for some time after clinical 
improvement began and were still quite prominent 21 days after the 
beginning of resolution. He received 0.3 gm. of neoarsphenamin, and this 
dose was repeated 2 weeks later. Arsphenamin, 0.4 gm., was then given 
at weekly intervals. Throughout this period there 'was continued slow 
resolution of the lung lesion, and it was not until 1| months after the 
temperature became normal that the lungs were considered clear. None 
of several obsen'ers felt that treatment for syphilis had materially hastened 
the absorption of the pneumonic lesion. 

Case 4. — G. S. (Unit No. 41479), a colored female had been receiving 
antisyphilitic treatment steadily for 7 months prior to her admission to the 
hospital ndth pneumonia. She was admitted on the 3d and died on the 
33d day of her illness. _ She was alway^s acutely ill and the signs in the lungs 
changed but little during the period of observation. At necropsy she was 
found to have organizing pneumonia with extensive scarring of both lungs. 
She received no antisyphilitic treatment after she became acutely ill. 

Discussion. Youmans and Kampmeier^ reported that among 
30 cases wdth postpneumonic complications, 12 (40%) were asso- 
ciated with preexisting syphilis. In our series of 509 cases the 
clinical course of lobar pneumonia rvas not perceptibly different in 
patients with and without syphilis. A classical “crisis” occurred 
with the same frequency on the two groups. The incidence of 
delay of resolution beyond 15 days from the time of the beginning 
of recovery was not significantly greater in the syphilitic (10.7%) 
than the non-syphilitic (8.1%) patients. The mortality rates of 
those patients who died directly of the pneumococcus infection was 
essentially^ the same in those w'ith and those without preexisting 
syphilis. Of the patients in whom factors other than pneumonia 
contributed to death, it is quite to be expected that the death rate 
should be higher in those with syphilis for several patients Avho were 
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already quite ill with cardiovascular syphilis are here included. 
It was noted that empyema as a complication of lobar pneumonia 
is 3| times as common among the whites as the colored. The total 
number is perhaps too small to warrant undue emphasis on this fact. 

In 30 carefully selected necropsy-proved instances of_ clonic 
pulmonary infection, the incidence of evidence of syphilis is not 
appreciably higher than the frequency of this disease in the adult 
hospital population of the Johns Hopkins Hospital. It would 
appear that there is no undue association of chronic fibroid pneu- 
monia, bronchiectasis, lung abscess or organizing pneumonia and 
the presence of antecedent infection with s^hilis. 

In 3 cases recorded there is little to indicate that treatment for 
syphilis accelerated appreciably the course of resolution of unre- 
solved pneumonia. In a 4th case, resolution was delayed for a 
month until death in spite of vigorous and continuous treatment for 
syphilis, up to the time of the onset of pneumonia. It is true that 
in only 1 of the cases did the patient receive the large amounts of 
arsphenamin ad'vdsed by Head and Seabloom,® but the administra- 
tion of full therapeutic doses of this drug to patients with severe 
infections associated with anoxemia and the attendant liver damage 
seems to us not without risk. Though the so-called “nonspecific 
effect” of the arsphenamin, as a result of which non-syphilitic infec- 
tious processes undergo healing, was not noted in our cases, it is 
conceivable that large doses of the drug may facilitate the absorp- 
tion of a chronic inflammatory process without any relation to its 
effect on syphilis. 

Summary. 1. The records of 509 patients with acute lobar 
pneumonia are reviewed. Of these patients, 37.5% had syphilis. 
The clinical course of the pneumonia was not appreciably different 
in the syphilitic and non-syphilitic groups. 

2. Following acute lobar pneumonia, delay of the process of 
resolution occurs about as frequently in the syphilitics as the non- 
syphilitics. 

3. The records of 30 patients with necropsy diagnosis of chronic 
fibroid pneumonia, lung abscess empyema, bronchiectasis and 
organizing pneumonia, do not show any undue frequency of syphilis. 

4. The reported favorable influence of antisyphilitic therapy on 
■ the course of unresolved pneumonia was not observed. 

We express our thanks to Dr. Thomas R. Boggs for his kindness in placing the 
records of the Baltimore City Hospitals at our disposal, and to Dr. Joseph Earle 
Moore, Physician in Charge of the Syphilis Division, for his suggestions and advice. 
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Die Werke dbs Hippokrates. Herausgegeben von Dr. med. Richard 
ICapferer unter Mitnirkung von Prof. Dr. Georg Sticker, Wurzburg. 
Part 1. Sitten- und Stand eslehre fiir Aerzte (Price, Rm. 2.80); Part 2. 
Die Altgewahrte Kunstj^ie Kunst (Price, Rm. 3) ; Part 5. Die Winde/Die 
Heilige Krankheit (Price, Rm. 1.50); Part 14. Die Hippokratischen 
Lehrsatze (Price, Rm. 2.10). Pp.: Parts 1 and 2, 59 each; Part 5, 65; 
Part 14, 80. Stuttgart: Hippokrates-Verlag G.M.B.H., 1934. (To be 
published in 25 parts costing ca. Rm. 100, card binding.) 

Hippocrates — or better the Corpus Hippocraticum — above all classical 
physicians has unquestionably held the highest position in the estimates 
of modern medical thought. This was not true, however, for the many 
centuries in which Galen, Celsus and Avicenna dominated medicine. With 
the advent of printing, for instance, Hippocrates’ collected ivorks were not 
printed until 1525; the others mentioned had numerous incunabula editions. 
By the 19th century, however, the position of the Father of Medicine was 
unassailably established. Between 1839 and 1861, Littre brought out his 
monumental “Oeuvres” in 20 volumes, which successfully utilized the avail- 
able information to delineate a picture of Hippocratic medicine that still 
maintains. More useful to English readers is Jones’ 4-volume edition in 
the Loeb Classical Library, with both Greek and English text, both of 
which we beUeve are accurate; yet for the scholar, adequate references to 
check tliis accuracy are lacking. Complete German editions have not 
hitherto been outstanding. Incomplete editions by Heiberg and by 
Ilberg and Kuhlemann only partly remedied the situation, so that the 
announcement of this new German edition was received with lively antici- 
pation. Sigerist has recently surveyed the situation in his customary 
illuminating manner (Bull. Insi. Hist. Med., Johns Hopkins Univ., 2, 190, 
1934). Heoliippocratism makes a new venture appropriately timely, yet 
one udshes that in the pamphlets thus far received there were more garnish- 
ings for the main dish. In these parts, preliminary remarks and footnotes 
are scantier than in Jones, and it becomes obvious that the work is more 
for the Neohippocratic reader than the scholar. 

The present edition will present 75 books in 25 parts, the German text 
being based chiefly on the Corpus Mcdicormn Grecorum. The Greek text 
is not included. Of this collection, 4 parts have been received; 1. The 
Oath, the Law, Honorable Behavior, Precepts, the Ph 3 ^sician; 2. Ancient 
hledicine and the Arts; 5. The Internal Airs or Breaths — The Sacred 
Disease (Epilepsj') ; 14. The Aphorisms. In the first of these are 5 prope- 
deutic essaj's on the physician and his relation to the patient and to other 
doctors that will alwaj's have a practical as well as a historical value. 
The 2 essays of the second installment are noteworthjq one for the charac- 
teristic Hippocratic emphasis on observation rather than theorjq the other 
because it is one recognized through the whole Christian era as most probably 
vTitten by Hippocrates himself. The 2 works of Part 5 are The Internal Airs 
(or Breaths, in Jones’ translation) and The Sacred Disease — Epilepsj\ The 
Introduction explains that the former of these includes the concepts of 
iippircd miasmatic air, intestinal gases and blood gases (oxj'gen, carbon 
dioxid). though the text hardty supports such a modern concept. This 
matter can be pursued in Axel Nelson’s Upsala Dissertation (1909). The 
tract on Ejulepsj' is justW renowned, among other reasons, for its attribu- 
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tion of the disease to the central nervous system rather than to_ divine 
agencies. The ascription of the brain disorder and the convulsions to 

asphyxia also has an altogether modern ring. 

The Aphorisms (Part 14), justly praised by the Editor for their divme- 
like quality, are preceded by an illuminating 12-page Introduction by 
Sticker. He points to the continued recognition of its great value from 
Erotian and Galen to Littre and Daremberg. Comprehension of Sticker’s 
anatysis of the Hippocratic theory of existence in health and disease, 
including such concepts as the life force (physis), its physiology and path- 
ology, the physician’s role in diagnosis, prognosis and therapy, will greatly 
aid in the understanding of any of the Hippocratic writings. We look 
forward with interest to the appearance of subsequent fasciculi. 


Clinical Aspects op the Electrocardiogram. By_ Harold E. B. 
Pardee, M.D., Assistant Professor of Clinical Medicine, Cornell Uni- 
versity Medical College; Associate Attending Physician, New York 
Hospital; Consulting Cardiologist, Lying-in Hospital and Woman’s 
Hospital, New York City. Pp. 295; 74 illustrations. Third edition, 
revised. New York; Paul B. Hoeber, Inc., 1933. Price, $5.50. 
Although many have been asserting for some years now that the elec- 
trocardiogram has made most of its contributions to medicine, nevertheless 
the developments in the five years that have elapsed since the appearance 
of the second edition, have necessitated rewriting most of the chapters. 
The items chiefly requiring change were the S-T interval, the duration of 
the ventricular complex, large Q waves, the T W'ave and the changes result- 
ing from myocardial disease. The author accepts the newer concepts of 
bundle-branch block and ventricular extrasystoles. The chapter on the 
theory of the electrocardiogram is especially to be recommended. 

E. K. 


Frontiers of Medicine (A Century of Progress Series). By Morris 
Fishbein, M.D. Pp. 207. Baltimore: The Williams & Wilkins 
Company, 1933. Price, $1.00. 

This outline of medical progress since earliest times succeeds in presenting 
a readable story in its very narrow limits. In the earlier periods the author 
has wisely enlivened the narrative ivith quotations and has felt free to 
deal with topics according to his inclination or to his previous writings rather 
than based on the general importance of the subject. Thus the entertaining 
account of Paracelsus’ life occupies 19 pages while Vesalius and Harvey 
are disposed of in a chapter of 4; Internal Medicine occupies 51 pages and 
Surgery 4; Pharmacology alone among the preclinical subjects has a chapter 
to itself. The Century of Progress, of which series the booklet is a unit, 
includes a good account of Beaumont and a paragraph on Chicago develop- 
ments. The message of the Century of Progress Exposition is conveyed on 
the back of the jacket. The few hours required for reading this sketch will 
be well repaid. 


Lettsom. His Life, Times, Friends and Descendants. By James 

Pp-498;mustrated. London; William Heinemann, 
Ltd., 1933. Price, 30/ net. 

One does not have to read the author’s preface to realize that this 
biograpliy of the great Quaker physician is a labor of love; the fact is 
evident m every page of this sumptuous volume. And a colorful life it 
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was to be depicted. From Lettsom’s birth in the dwindling Quaker colony at 
Tortola in the West Indies, through his schooling in England, apprentice- 
sliip to the apothecary-surgeon, Sutcliff, of Settle, Yorkshire, “walking 
the wards” at St. Thomas’, six months with Cullen, and an M.D. degree 
at Leyden, to his highly successful and philanthropic career in London, 
all is spread out for us with sufficient attention to detail and background 
to get a vivid picture both of the man and his times. As founder of the 
General Dispensary, Lettsom started a new era in the treatment of London’s 
poor. A lifelong supporter of the Royal Humane Society, his quite modern 
publicity sense appears in the procession that he arranged around the 
room after the aimual dinner of those “who had been raised from the 
dead.” Lettsom’s activities in much needed prison reform would alone 
be sufficient to preserve his fame, while the foundation of the Ro 3 ’^al Sea 
Bathing Hospital— his most important medical contribution— is regarded 
as “the father of all the open-air sanatoria throughout the world” (p. 276). 
Founder of the famous Medical Society'- of London, he is perhaps best 
known to physicians through the frequently reprinted engraving of Lettsom 
presenting the deeds of No. 3 Bolt Court to the Medical Society. Perhaps 
even better known is the verse which, according to our author, has kept 
Lettsom’s memory green. In the original of its more than 20 variants it 
reads; 


“You say I’m dead, I say you lie, 

I physics, bleeds and sweats ’em 
If after that my patients die, 

Yffiy verily— J. Lets ’em.” 

E. K. 


CoLLENs System of Diet Writing, Including Diet Calculator, Obesity 
Chart, 100 Menu Prescription Forms. By William S. Collens, B.S., 
M.D., Chief, Diabetic Clinic, Israel Zion Hospital; Assistant Phj'si- 
cian, Greenpoint Hospital; Metabolist, Brooklyn Women’s Hospital; Con- 
sulting Metabolist, Rockaway Beach Hospital. New York: Form 
Publishing Company, 1933. Price, S5.00. 

A device for calculating and prescribing quantitated diets for patients 
with such conditions as diabetes, nepliritis, or obesity, that possesses the 
advantage of being simple, sufficiently accurate, very flexible in its range, 
convenient for the physician, and easily intelligible for the patient: quite 
the most practical device of the kind knovm to the Reviewer. 

R. K. 


The 1933 Year Book of Radiology. Diagnosis. Edited bj’' Charles A. 
Waters, M.D., Associate in Roentgenolog 5 q Jolms Hopkins University; 
Assistant Visiting Roentgenologist, Jolms Hopkins Hospital. Thera- 
peutics. Edited bj"- Ira I. I^plan, B.Sc., M.D., Director, Division of 
Cancer, Department of Hospitals, City of New York; Clinical Professor 
of Surgerj’", New York University and Bellexme Medical College. Pp. 804; 
780 illustrations. Chicago, 111.; The Year Book Publishers, Inc., 1933. 
The same general plan, so successfully employed in the first of the 
series of Year Books, has again been utilized in tlfls present volume. The 
book presents a rdsum6 of the radiologic literature for the past j’^ear and 
appears to be even more comprehensive than the preceding contribution. 
Tins work should have a universal appeal, not alone for the radiologist 
but for all practitioners of medicine. There is no specialist or general 
practitioner who will not find much to interest hi m in tlfls volume. It 
should serve a very useful purpose in keeping all abreast of the rapid 
advances being made in radiologj'. K. K. 



haberling: german medicine 


725 


Medicine in Persia. By Ctrid Elgood, M.D., M.R.C.P., Late Physi- 
cian to the British Legation, Teheran, Persia. Vol. 14 of Cho Medica, 
Pp. 105; 11 illustrations. New York; Paul B. Hoeber, Inc., 1934. 
Price, S1.50. 

Clio Medica has done wisely in adding a volume on Persian medicine 
to its valuable list of historical compends. Not many are aware of the 
fact that a large part of Arabian medicine is in reality Persian. The 
Arabs in conquering Persia not only displaced Zoroastrianism by Islamism, 
but they also substituted their language and script for the ancient Aryo- 
Persian. The great Arabian medical writers of the Middle East, of which 
Bagdad was for a long time the cultural center, were, as a rule, native 
Persians, although of diverse religions— Mohammedan, Jewish, Nestorian 
Christians. AU used the Arabian language in their writings, just as 
Prench, German, English and Italians wrote in Latin during the Middle 
Ages. 

The author, as physician to the British Legation in Teheran, had excellent 
opportunities, of which he made wise use, of acquainting himself with the 
medical history of Persia. He gives a good account of the great medieval 
epoch that produced men of the stamp of Rhazes, Avicenna, Haly Abbas 
and others, men whose influence upon the medicine of Western Europe 
was much greater than earUer historians believed. Avicenna’s Canon 
was a textbook in Europe until the close of the seventeenth century. 
However, after the Tartar conquests, under Jenghiz Khan and Tamerlane, 
Persian medicine went into an eclipse from which it is just beginning to 
emerge. At the present time the custom of young Persians to complete 
their medical education in Beirut or Paris, togetlier with the Pasteur 
Institute, founded at Teheran in 1921, have made medicine in modern 
Persia largely French. Persian art which reached so high a degree of per- 
fection in former centuries has left many unusual anatomic drawings, 
some of which are reproduced in Elgood’s book. D. R. 


German Medicine. By W. Haberling, M.D., Professor of the History 
of Medicine, Academy of Diisseldorf. Translated by Jules Freund, 
M.D., Ex-Associate in Bacteriology, University of Pennsylvania. Vol. 13 
of Clio Medica. Pp. 160; 9 illustrations. NewYork; Paul B. Hoeber, Inc., 
1934. Price, S1.50. 

It is surprising how much of the history of German mediciue the author 
has crowded into this little book. Beginning with primitive times, he 
carries us rapidly down through the Middle Ages to the modern period. 
The Middle Ages were far more sterile in German lands than in the Latin 
countries. For example, the great thirteenth century, so fertile in all 
directions— in literature, in art, in architecture— in France, in Italy and 
in Spain, had no counterpart in Germany. The great anatomist Vesalius 
was not appreciated in Germany until sometime after his death. It is, 
however, to the credit of German medicine that the doctrines of Harvey 
were at once espoused with great enthusiasm. The first real awakening 
came ivith Paracelsus; but after him, for nearly 200 years, there is no 
great original figure until Albrecht von Haller, a man of encyclopedic 
mmd. 

VTat Germany lost by its early slowness, by the depressing effects of 
toe Thirty Years War, has been amply made up m the last 100 years, 
ihe pupil became the master. But will it remain so? Or null the return 
of medieval psychology affect the progress of science and medicine unfav- 
orably? Y) R. 
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Industrial Toxicology. By Alice Hajiilton, IM.D. Pp. 329. New 
York: Harper & Brothers, 1934. Price, S3. 

The ever-increasing complexity and multiplicity of chemical processes in 
industrj'^ bring with them industrial hazards and poisonings which are 
bound to come under the observation of numerous practitioners of medicine. 
This handy pocket-size volume, written b 3 '^ the leading authority on the 
subject in this country, should be read bjf all physicians who practise in an 
industrial communitju R. K. 


Dise,a,ses Peculiar to Civilized Man. By George Crile, M.D. 

Edited Iw Amy Rowland. Pp. 427; 41 illustrations. New A'ork: The 

Macmillan Company, 1934. Price, S5. 

The principle of orthogenesis (“straight creation”) is explained as the 
mechanism wherebj’^ a species, beginning to vary definitely in a given 
direction, continues in that direction even if it .thereby tends to its own 
destruction. It is here evoked “to account for the rise of the brain and 
the nervous sj'stem and the thyroid gland.” Later the author adds the 
adrenals (wlw not also the pituitary, pancreas and gonads?) to his kinetic 
system, which in man’s phjdogenic development have become overactive, 
producing hjTperthj’roidism, neurocirculatorj’- asthenia, peptic ulcer, diabetes 
(sometimes qualified as “probably”) — “diseases peculiar to civilized man.” 
Epilepsy, psychoneurosis and hypertension are also considered. The 
author recommends that this “hyperkineticism” be lessened by sympath- 
ectomj', thyroidectomy, adrenal denervation or rationalization. (N. B.~ This 
term has not been defined here but is obviouslj' not used in the custom- 
arj' sense of sulistituting plausibly rational motives for the protective reac- 
tions of the psychoneurotic.) His success vnth adrenal denervation in 
some 230 cases leads him to believe that the individual may be saved 
even though the species may be going on to destruction ‘‘ by tiie same tool 
that enabled him to reach the greatest height of his civilization.” More 
than half of the book is taken up with case histories, wiiich also supplj’^ 
most of the evidence— of the sort that case histories are apt to suppty. 
A proof of the truth of the principle of orthogenesis is fortunate^ not 
attempted. E. K. 


Who Sh.all Survive? A New' Approach to the Problem of Human 
Interrelations. By .1. L. Moreno, M.D. Pp. 437 ; illustrated. Wash- 
ington, D. C.: Nervous and Mental Disease Publishing Companj', 1934. 
Price, S4. 

Studies w'ere made from a public school, a state training school for girls 
and a neighborhood house in New York Citju Yiiereas the psychoanalytic 
method is subjective, extending backward to past psj'chic trauma, this 
approach is through developing the individual’s spontaneability rvith 
analj’sis of present performances together wnth appropriate environmental 
consideration. 

It was observed that when children were free from supervision they 
arranged themselves roughW into three groups — isolates, pairs and those 
that adhered to leaders. Further studies were made by interviewing 
mothers, teachers and housemothers of cottages. The most informative 
data were obtained through “sociometric tests,” wherein individuals choose 
the 5 girls they liked best, whether from their own cottage or from anj' 
other, and with these thej’ then lived. The emotional reactions recorded 
through descriptions and graphs show' attractions, mutual attractions, 
repulsions, mutual repulsions, indifferences, mutual indifferences and other 
interesting features. 
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The hypothesis, “that members of the superior class produce with 
members of the inferior class better offspring in general than when they 
remain in their o\vn sphere,” offers a ray of hope and it is intunated that, 
through planning, soniG of the unfit may propagate and thus modify or 
discard such palliative measures &s sterilization. 

Such constructive efforts may enable us to outsmart Nature! 

N. Y. 


Practical Methods in Biochemistry. By Frederick C. Koch, Pro- 
fessor of Physiological Chemistry, University of Chicago. _Pp. 282; 
17 illustrations. Baltimore: William Wood & Co., 1934. Price, 82.25. 
The author has drawn upon a large experience in preparing this manual 
of biochemical methods. Good. features of the book include excellent fine- 
print discussions, a choice of several methods in many instances, and 
illustrations of the more complicated apparatus. 

In the opinion of the Reviewer this manual should prove more suitable 
for a hospital laboratory than for a teaching course. Some of the methods 
presented are too long and complicated for general class use. The black 
type headings are often too informative. The data involved in the prepara- 
tion of reagents used in the various methods are gathered in an appendix. 
This type of presentation would have advantages where technicians are 
employed, but appears inconvenient from the standpoint of proper teaching. 

D. D. 


The Laboratory Notebook Method in Teaching Physical Diagnosis 
AND Clinical History Recording. By Logan Clendening, M.D,, 
Professor of Clinical Medicine in the University of Kansas. Pp. 71. 
St. Louis: The C. V. Mosby Company, 1934. Price, 50 cents. 
Obviously the purpose of this laboratory notebook is to have each 
' student record with care and without omissions his physical findings. 
IVliile the Reviewer feels that the method of teaching recommended by 
the author is sound and appropriate, this notebook has no particular 
advantage over mimeographed sheets containing essentially similar head- 
ings. By the use of these headings the student can record his findings 
on blank paper unhandicapped by the abomination of printed forms and 
at the same time he is being trained to record his findings in a style wliich 
wiU later be acceptable as permanent hospital record. S. L. 


NEW BOOKS. 

A Textbook of Histology. Functional Significance of Cells and Intercellular 
Substances. By E. V. Cowtiry, Professor of Cytology, in the School 
of Medicine, Washington University, St. Louis. Pp. 503; 242 illustra- 
tions. Pliiladelphia: Lea & Febiger, 1934. Price, 85.50. 

Jons Jacob Berzelius. Autobiographical Notes Published by The Royal 
Swedish Academy of Sciences through H. G. Soderbaum. Translated 
from the Swedish by Olof Larsell, Professor of Anatomy, University 
of Oregon Medical School, Portland. Pp. 194; illustrated. Baltimore: 
The Williams & Wilkins Company, 1934. Price, 82.50. 

Clinical Toxicology. Modem Methods in the Diagnosis and Treatment of 
Poisoning. By Erich Leschke, Professor of Internal Medicine in the 
University of Berlin. Translated by C. P. Stewart, M.Sc. Ph.D. 
Lecturer m General Biochemistry, University of Edinburgh; Senior Bio- 
chemist, Edinburgh Royal, Infimiary, and 0. Dorrer, Ph.D., Research 
^sistant to Professor Wieland, Munich. Pp. 346; 25 illustrations 
Baltimore; William Wood & Co., 1934. Price, 85.00. 
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Annals of the PichelV-Thomson Research Laboratory, Vol, 10, Monograph 16, 
Part 2, Influenza. With Special Reference to the Complications and 
SequeljB, Bacteriology of Influenzal Pneumonia, Pathology, Epidemio- 
logical Data, Prevention and Treatment. By David Thomson, O.B.E., 
M.B., Ch.B. (Edin.), D.P.H. (Cams.), Honorary Director, Pickett- 
Thomson Research Laboratory, St. Paul’s Hospital, London, and 
Robert Thomson, M.B., Ch.B. (Edin.), Pathologist to the Pickett- 
Thomson Research Laboratory. Pp. 916; illustrated. Baltimore; 
The Williams & Wilkins Company, 1934. Price, S17.50. 

Bacteriologia. By Dr. Jose de Carvalho Lima, Director of I^titute of 
Bacteriology of Sao Paulo. Pp. 553; manj' colored illustrations. Sao 
Paulo, Impressora Paulista, 1933. (Price not given.) 

Human Sterility. Causation, Diagnosis and Treatment. By Samuel 
Raynor Meaker, M.D., Professor of Gynecologjq Boston University 
School of Medicine; Gjmecologist, Massachusetts Memorial Hospitals, 
etc. Pp. 276; 27 illustrations. Baltimore: The Williams & Wilkins 
Company, 1934. Price, 84.00. 

Marriage Hygiene, Vol. 1, N^o. 1, August, 1934- First Issue. A Quarterly. 
Edited by A. P. Pillay. Pp. Ill; 3 illustrations. Bombay: The 
Times of India Press, 1934. Price, per issue, s. 4/6 or Rs. 2/8; Yearly, 
s 18/- or Rs. 10/-. 

Hygiene for Freshmen. By Alfred Worcester, A.M., M.D., Sc.D., 
&nry K. Oliver Professor of Hygiene, Harvard University. Pp. 151. 
Springfield, 111.: Charles C Thomas, 1934. Price, 81.50. 

NEW EDITIONS. 

A Textbook of Pathology. By William Boyd, M.D., M.R.C.P. (Edin.), 
F.R.C.P. (Lond.), Dipl. Psych., F.R.O.S., Professor of Pathology in the 
University of Manitoba; Pathologist to the Winnipeg General Hospital, , 
Winnipeg. Pp. 1047 ; 416 illustrations and 8 colored plates. Second 
edition thoroughly revised. Philadelpliia: Lea & Febiger, 1934. IPrice, 

• 810.00. 

Internal Medicine. Its Theory and Practice. Edited by John H. Musser, 
B.S., M.D., F.A.C.P., Professor of Medicine in the Tulane University of 
Louisiana School of Medicine; Senior Visiting Physician to the Charity 
Hospital, New Orleans. Pp. 1288; 35 illustrations. Second edition 
thoroughly reidsed. Philadelphia: Lea & Febiger, 1934. Price, 810.00. 
Physical Diagnosis. By Richard C. Cabot, M.D., Professor of Clinieal 
Medicine Emeritus in Harvard University; Formerly Chief of the West 
Medical Sersdce at the Massachusetts General Hospital. Pp. 540; 317 
illustrations. Eleventh edition. Baltimore: William Wood & Co., 
1934. Price, 85.00. 

"The book has been revised and reset throughout. Of special importance is the 
newly written chapter on the electrocardiogram, profusely illustrated by new cuts 
kindly furnished mo by Dr. Paul D. White of the Massachusetts General Hospital. 
The section on Subacute Infectious Endocarditis has been rewritten so as to include 
the newer data on this important subject. Coronary Heart Disease, on which so 
much new material has come to light since the last edition of this book, is much more 
adequately described in this edition. The measurement of cardiac reserve is discussed. 

A section on Pidmonary Heart Disease has been added, and an account of The Heart 
in Myxoedema containing the newly recognized facts. The section on Tuberculosis 
has been enlarged .... Cancer of the Bronchi and Lung . . . . is in 

this edition newly described.” (From Author’s Preface.) 

Essentials of Histology. By Sir E. Sharpey-Schafer, F.R.S., Formerly 
Professor of Physiologj’ in the University of Edinburgh. Thirteenth 
edition edited bj’ H. M. Carleton, M.A., B.Sc., D. Phil., Lecturer on 
Histologj’’ in the University of Oxford; Research Fellow of New College, 
Oxford. Pp. 618; 721 illustrations. Philadelphia: Lea & Febiger, 
1934. Price, 85.00. 
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INDICATIONS AND DANGERS OF THE USE OF BARBITURIC 

ACID DERIVATIVES. 

Some 30 years ago Fischer and von Mering^ established the fact tliat 
wliile barbituric acid, a derivative of urea and malonic acid, is physio- 
logically relatively inactive, the substance obtained by replacement of 
the two hydrogen atoms by ethyl radicals is a powerful hypnotic in 
animals and in man. Since this discovery a large number of otlier 
barbituric acid derivatives have been prepared by replacing one or 
botli atoms by alkyl, cyclic and other radicals. Partly through their 
beneficial effects in certain conditions and partly through the zeal of 
the manufacturing houses tliese substances, introduced under various 
trade names, have become widely used in different branches of medicine. 
Veronal, luminal, ipral, amytal, allonal, dial, pernocton, somnifen, 
nembutal, and evipan are but a few of the trade names of the more 
commonly used barbituric acid derivatives. The barbituric acid deriv- 
atives are certainly among the most widely used drugs today. Not 
only are they popular as sedatives and hypnotics, but they are also 
used by some as anesthetics. The literature on the subject is voluminous 
and cannot be covered in a short review. Most of the contributions 
are characterized by claims of the low toxicity and relatively high 
hypnotic and analgesic action of the specific derivative discussed. 
Usually the popularity of such a preparation, reached mainly tlrrough 
direct and indirect advertising, wanes as a result of the personal experi- 
ences of physicians or of a more effective advertisement of a new prepa- 
ration. 

Although the main action of the various barbituric acid derivatives 
is the same, certain definite advances, particularly wth reference to 
tlie persistence of action and the elimination of certain undesirable side 
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actions, have been made in recent yeai-s. The chcmisiry and tlie corre- 
sponding trade names of the most frequently used preparations have 
been discussed recently hy Collins and Leech.- Among tlie numerous 
studies attempting to compare tlie chemical structure with tlie pharma- 
cologic action, tliose of Dox and Hjort^-^ are of particular interest. The 
relative anesthetic value was highest in tlie ethyl-iso-butyl, the etlijd 
normal butyl, the etliyl-iso-amyl and tlie ethyl normal hexyl barbituric 
acids, as compared witli a large number of other members of tlie series. 
In tlie pharmacologic evaluation of tlie barbituric acids tliese autliors 
have pointed out a number of otlier qualities in addition to the index 
of tlie minimal effective and minimal fatal doses. In tlie estimation of 
the minimal fatal dose, tlie time element is also of importance. The 
absolute amount of tlie minimal lethal dose of tlie various derivatives 
varies considerably, Avitliout necessarily altering tlie tlierapeutic efficacy 
of the drugs. The implication of this fact is often not appreciated by 
physicians. 

Among tlie various types of pharmacologic studies tlie problem of the 
excretion of the barbituric acid derivatives bears directly on tlie clinical 
application. The chemical metliods used in tlie identification and 
quantitative measurements of tlie barbituric acids are described in a 
recent article by Koppanyi, Murph 3 ' and Krop.® As earlj'^ as 1910 
Bacliem® found that as high as 90% of diethjd barbituric acid (veronal) 
can be detected in the urine follo'U'ing tlie subcutaneous administration 
of small doses. Except in a few publications, tlie high percentage 
elimination through tlie kidneys has been confirmed repeatedly. Kop- 
panjd, Mm'phy and ICrop® found that in men, dogs and cats from 42 to 
91% of barbital is excreted in the urine, whereas in fowl only 2S.4%. 
Diuretic measures did not increase tlie rate of excretion or tlie total 
excretion of barbital. The concentration of barbital in tlie blood showed 
a sharp decline during tlie first 2 hours and tlien dropped slowlj’-. The 
former is due to fixation by tlie organs; the latter to renal elimination. 
Bilaterallj’^ nepln-ectomized dogs failed to recover from barbital anes- 
thesia. Estimation of barbital in various organs has indicated that the 
skeletal muscles and the Iddnej^s contained particularly large amounts 
of the drug. 

Next to the relatii’e toxicitj' of the drug, its persistence of action is of 
primary consideration from the point of \-iew of the clinic. On the 
whole, a barbiturate that possesses tlie least hjqinotic and analgesic 
effect and has tlie longest persistence of action is tlie least desirable. 
Eddy^ has found tliat among the more commonlj" used members of tlie 
series ethj-l-iso-propjd barbituric acid is, for tliis verj" reason, undesir- 
able. Of the substances with relativelj’^ high analgesic and hjqmotic 
effect, but with a short duration of action, cj^clo-hexenj'lmethyl-N- 
niethyl-barbituric acid (eidpan) is of special interest. This substance 
has been described recenth' bj- Weese.® Ten minutes after an intra- 
I'enous narcotic dose the animals begin to awaken, and in from 30 to 60 
minutes they have apparenth' complete^' recovered. The rapid detoxi- 
cation of this barbituric acid derivative has been confirmed this year 
b%’ the pharmacologic studies of Kennedj' and Naraj'ana.® Numerous 
workers have reported on the other pharmacologic effects of the barbi- 
turic acid derivatives. Most of tiie substances tested produce slight 
or no fall in arterial blood pressure, even in complete anesthesia. Cer- 
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tain phases of the carbohydrate metabolism are usually disturbed. 
Slowing of. the respiration is induced. The effect on the gastro-intestinal 
canal is not prominent. 

In cKnical me the barbituric acids are usually administered by mouth, 
but some preparations cam also be given tlirough subcutaneous, intra- 
muscular and intravenous routes. The latter method has become wide- 
spread particularly since 1924, when Dujol and Clement^" advocated 
the intramuscular and intravenous use of somnifen in obstetrics, and 
Fredet and Perlis^^ used the same drug for the alleviation of pain in 
surgical operations. On the Continent such a use of the barbituric 
acids in surgery spread rapidly. In America this procedure was en- 
couraged mainly by Zerfas, McCallum, Shonle, Swanson, Scott and 
Clowes.^^ who in 1929 reported on the induction of anesthesia in man 
through the intravenous administration of the iso-amyl-ethyl barbi- 
turate (sodium amytal). The indiscrimate advocacy of the intravenous 
use of the barbituric acids has led to numerous serious and fatal acci- 
dents in this country and abroad. Simultaneously with the initial 
spread of the intravenous use of the barbituric acids, Weiss'^’ called 
attention to the potential dangers of such an application. He advocated 
that the intravenous anesthetic doses should be regarded as potentially 
dangerous, particularly in surgery, and that their use should be restricted 
mainly to emergencies such as acute convulsions in eclampsia, epilepsy 
and cerebral vascular accidents. In severe cases of poisoning due to 
local anesthetics, in tetanus, and in persistent hiccough, their use was 
regarded as justified. The Council on Pharmacy and Chemistry of the 
American Medical Association in a recent report'^ reiterated its earlier 
warning against the indiscriminate intravenous use of the barbituric 
acids. 

The most useful and -widespread application of the barbiturates is in 
the field of sedatives and hypnotics. Notwithstanding the extensive 
literature on the subject, it is still impossible to formulate definite 
conclusions as to the relative merits of the various members in this 
respect. The use of the barbiturates has also been advocated in surgery, 
obstetrics and psychiatry, as well as in the treatment of con^allsions of 
varying etiology, of tetanus, and of strychnin and local anesthetic 
poisonings. 

For surgical anesthesia, they have not proved to be efficient. The 
reason for this is that the pharmacologic properties of all the members 
of the series indicate that the analgesic effect is not so great as that of 
some of the volatile anesthetics. The anesthetic dose is a relatively 
Ingh percentage (50 to 70%) of the fatal dose. Weiss,'® from observa- 
tions on animals and on patients who took barbituric acids with suicidal 
intent, claims that man is more sensitive to the toxic effects than are 
animals, and that 23 to 37% of the fatal dose is required to induce 
sleep, moderate muscular relaxation and partial anesthesia. He has 
pointed out that pain, sympathetic excitement, worry and fever act 
antagonistically to the effect of the barbituric acids; where as cerebral 
depression is synergistic and therefore makes the patients susceptible 
to the depressant effect. Such an acute depression in tlie course of a 
severe operation with possible complications represents a potential 
danger if non-yolatile anesthetics udth long persistence of action, such 
as the barbituric acids, are. used. Another danger in the long persistence 
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of action of the barbituric acids is from postoperative complieations, 
particularly pneumonia. Today the barbituric acid derivatives are 
used mainly as preoperative and basal anesthetics, orally administered, 
and as such they are apparently of distinct value. Recently Bogan'® has 
reported a study on the comparative adaptability of pernocton, avertin 
and pentobarbital sodium for basal anesthetics, and concludes tliat 
moderate doses of the basal drug are best. He prefers pentobarbital 
to pernocton. Bogan rightly emphasizes the increased need for post- 
operative care of the patient if non-volatile basal anesthetics are used. 
Axelrod'® reports on the use of allyl-iso-propyl barbituric acid (allurate) 
as a premedication agent. 

We have pre\dously referred to the clinical advantages of cyelo- 
hexen 5 dmethyl-N-methyl-barbituric acid (e\dpan) because of the short 
duration of its action. Since 1933, when Holtermann'^ first reported 
his clinical experiences with its intravenous use in gynecology and 
obstetrics, numerous reports have emphasized this property. Its use 
is therefore advocated in short surgical procedures. Buerkle-de la 
Camp'® has used this anesthetic both as a basal and as a sole anesthetic 
in some 500 cases. Following the intravenous administration of from 
4 to 7 cc. of the drug the patient falls to sleep without preceding rest- 
lessness. For anesthesia 9 cc. or more is usually required. Young 
patients have tolerated as high a dose as 22 cc. Most patients awake 
from 10 to 30 minutes after the administration of an anesthetic dose. 
In case restlessness is present or the operation is prolonged, | to 1 cc. 
is reinjected every 5 to 10 or 15 minutes. Altliough tliese favorable 
claims were made only a year ago, certain warnings have appeared 
already. Jarman and Abel,'® on tlie basis of experience in 100 cases, 
consider eHpan a useful addition to surgical armamentarium, but claim 
that its use is contraindicated in feeble and toxic cases, and in the pres- 
ence of liver disease. It should be administered only by expert anes- 
tlietists. In case respiratory embarrassment occurs, carbon dioxid and 
oxygen mixtures should be administered. Landau and Wooley®° report 
on a prolonged and late toxic reaction in a patient following the intra- 
venous use of 10 cc. of sodium e\dpan. Mori,®' a few months after the 
introduction of e^^pan, reports a fatal case and mentions three addi- 
tional fatalities, one transient cardiac standstill, and 2 cases of collapse, 
the latter occurring after the administration of such small doses as 2 to 
3 cc. These reports of toxic reactions indicate that wliile evipan is of 
distinct interest because of the short duration of its action, and under 
special indications may be of distinct usefulness, its intravenous admin- 
istration for anesthesia is not ndthout danger. 

Recently, renewed attempts have been made to use the barbituric 
acids for the relief of pain and for the induction of amnesia in labor. 
Averett- advocates the combined use of nembutal and scopolamin 
when labor is definitely established. Six grains of nembutal are given 
by mouth and 1/100 gr. scopolamin hj’drobromid subcutaneously. The 
average duration of analgesia in 160 cases was dh hours. No change in 
the respiration was noted. The blood pressure dropped 5 to 10 mm. 
The frequency and severity of uterine contractions were not interfered 
witli. The first stage of labor eitlier was not altered or was of shorter 
duration. The second and third stages were unchanged. In 110 cases 
complete amnesia was present, and in 42 cases there was some recollec- 
tion. Maternal and fetal mortality did not occur. McGuinness®® has 
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used nembutal because of the relatively short duration of its action in 
140 cases of full-time confinement. A patient weighing 160 pounds 
received an initial dose of 6 gr. by mouth, followed by a second dose of 
3 gr. vdthin 3 hours, and by successive doses of 3 gr. every 2 or more 
hours until delivery. The capsules were administered on an ernpty 
stomach, vdth warm water. Eectal administration is also feasible. 
Fifteen minutes after the first dose the patient became drowsy and in 
30 minutes she was sleeping between pains. During uterine contrac- 
tion tliere were usually groaning, restlessness and partial awakening- 
Postoperative nausea and vomiting were not increased. Little or no 
interference with the course of labor Avas observed. Irving, Berman 
and Nelson^^ report their extensive experiences in the Boston Lying-In 
Hospital on the comparative efficacy of pantopon and scopolamine, 
pantopon and rectal ether, pernocton, sodium amytal, scopolamine and 
pentobarbital, scopolamine and sodium amytal, rectal ether and pento- 
barbital, and rectal ether, pentobarbital and paraldehyd. In each 
series, 100 cases were used Avith the exception of the sodium amytal 
and scopolamine series, which consisted of 160 patients. Pentobarbital 
and scopolamine was considered the most effective of any of tire medica- 
tions used. Absolute loss of memory was shoAvn by 86% of the patients ; 
incomplete amnesia by 14%. The only side effect was restlessness, 
Avhich was frequently present. They adAuse against the use of pantopon 
and morphin during labor, as they delay the initial breatlung of the baby. 

The therapeutic induction of prolonged sleep by means of barbituric 
acids in patients with 'psychosis dates back to 1922, when Klasi^® advo- 
cated the beneficial effect of the repeated intravenous use of somnifen 
in certain psychoses. It has been claimed that such a prolonged sleep 
may aid in interrupting the course of a psychosis and so hasten recovery. 
Muller,^® in 1925, reAueAving the literature and his personal experiences 
on the intravenous use of somnifen in certain psychoses, mentions 15 
fatalities as well as severe non-fatal intoxications during the treatment 
of 311 patients. The immediate cause of death was circulatory failure 
in 5 instances and pneumonia in 6; in 4 patients other etiologic factors 
were present, but somnifen was a contributing cause of death. There 
are tAvo recent reports on the use of barbiturates in neuro-psychiatric 
conditions. Wagner,^^ summarizing his general clinical experiences, 
warns that if the drugs are given over a long period the histologic 
changes produced by the administration of large doses may lead to 
permanent functional impairment. Lorenz, Reese and Washburne^® 
report on phj^siologic obserA'^ations during intravenous sodium amytal 
medication in 350 patients with psychosis: an average of 9| gr. (14.3 cc. 
of a 5% solution) Avere required to obtain complete narcosis. The 
functional gi’oup of psychoses required a somewhat larger dosage than 
the organic ^oup. ^ Because of the great instability of the blood pres- 
sure in the involutionary group greater caution was required in thk 
group. 

The problem of addiction to barbituric acids has repeatedly been 
discussed in the literature. Gillespie,^^ summarizing the e\ddence, denies 
its occurrence.^ (The reAuewer is inclined to agree, if addiction is re- 
stricted to habits associated AAutli AAuthdrawal symptoms. Morphin and 
cocain addicts, on the other hand, in case of insufficient supply or lack 
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of supply, often substitute barbituric acids. Psychologic habit forma- 
tion to the barbituric acids is not uncommon.) 

In view of the widespread clinical use of the barbiturates, as well as 
their recent rather frequent use witli suieidal intent, -poisoning is rela- 
tively common. The most frequent manifestations of intoxication, 
as is well known, are coma, disturbances of the heart regulation, and 
tendency to vasomotor collapse. In a recent review of the subject 
Gillespie-® found no record in which barbiturates, either in single or in 
repeated smaller therapeutic doses, caused death- in the absence of 
complicating factors. He has estimated that the ratio of safety with 
smaller therapeutic doses is 1 to 5 with veronal and 1 to 3 with luminal. 
Carriere, Huriez and WilloqueP® summarize the histologic changes 
observed in man and in rabbits following fatal barbituric poisoning. 
Degenerative changes are described in the liver and kidney parenchyma, 
as well as disintegration of the cells of the central nervous system. 
Congestion in the lungs, with tendenc}’^ to bronchopneumonia, was 
observed. A review of the literature up to 1929 is also presented by 
Lundy and Osterberg.®^ 

That cutaneous rash may follow the use of even small amounts of 
certain barbiturates has been known since 1903.®® The recent interest 
in the relation of allonal to agranulocytosis has also raised the question 
of whether cutaneous hjq5ersensiti\aty is caused by allonal (mixture 
of allyl-iso-propyl barbituric acid and amidopyrin and allurate [allyl- 
iso-propyl barbituric acid]). Unger®® reports a patient who, after tlie 
ingestion of only one tablet of allonal, experienced swelling of the 
eyelids, cheeks and lips. Blotches appeared on the forehead, palms 
and backs of the hand. Crohn®'’ has reported a case with repeated 
attacks of urticaria, and scrotal and genital edema after taldng allional 
(a preparation similar to allonal). In a case reported by Loveman®® 
exacerbation of an eruption was produced by allonal. Separate admin- 
istration of allurate and amidopjT-in showed that tlie cutaneous sensitiv- 
ity was due to the barbituric acid and not to amidopjadn. Allyl-iso- 
propyl carbamid and numerous other barbiturates did not induce skin 
lesions. Other drugs producing fi.xed eruptions, such as phenolphthalein, 
antipyrin and amidopjT-in had no effect. Passive transfer to hjqDersen- 
sitivity was unsuccessful. Patch, intracutaneous and scratch tests 
were all positive to allonal and allurate in previously active areas, but 
produced no reaction in normal skin areas. Thus in this case allyl-iso- 
propyl barbituric acid was definitely responsible for skin sensiti\dty. 

jMadison and Squier®® claim that the “benzene chain derivatives” 
are probably responsible for primary granulocytopenia. From their 
data, however, one cannot ascertain whether the barbituric acid in 
addition to amidopyrin plays any role. Watkins,®^ reporting 32 cases 
of primary granulocytopenia, has obser\’ed 5 patients who had taken 
iso-amyl-cthyl barbituric acid or its sodium salt prior to the onset. 
All these patients died. Four patients with fatal outcome had taken 
sodium ethyl-methyl-butyl barbiturate. Two patients, one of whom' 
died, had taken phcnobarbital. As acknowledged by the author, the 
presented data simply suggest the possibility that certain indi\adual 
idios\aKTasies of the white blood cell forming apparatus exist. Whether 
the barbituric acid derivatives can be directly responsible for agranulo- 
cytopenia is therefore not yet settled. 
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The treatment of severe barbituric poisoning, until very recently, has 
been unsatisfactory. The most promising recent method of treatment 
is based on strychnin and barbituric acid antagonism. Haggard and 
Greenberg^® have shown in 1932 that phenobarbital sodium controls 
strychnin convulsions in rats and dogs. Animals have survived 5 times 
the fatal dose of strychnin. That Qie antagonism is a reversible one 
was shown by the fact that animals recei\dng 3 times the fatal dose of 
phenobarbital sodium have been saved with strychnin. Kempf, McCal- 
lum and Zerfas^® have treated 11 cases of strychnin poisoning with 
sodium amytal and sodium pentobarbital, given intravenously, and 
claim that these substances were life-saving measures. Successful 
treatment of barbituric acid poisoning with massive doses of strychnin 
has been reported recently in France. Bertrand-Fontaine and Claass'”’ 
have reported the case of a young woman who ingested 17 gm. of veronal 
and after being in coma received a total of 39 centigrams of strychnin 
by vein in 64 hours. A solution containing 3 mg. per cubic centimeter 
was used. Every hour during the day and every 2 to 3 hours at night 
doses of 9 to 15 mg. of the sulphate salt were given. Manifestations 
of strychnin poisoning were not observed and recovery followed. 
Eschbach^^ reports a case with severe phenobarbital poisoning receiv- 
ing 26 mg. of strychnin by vein within 2 hours. Instantaneous improve- 
ment with ultimate recovery followed. Denechau and Bonhomme^^ 
describe a female patient of 29, who had taken 6 gm. of phenobarbital, 
receiving a total of 48 centigrams of strychnin before recovery. Laignel- 
Lavastine and Bidou^® describe recovery in a case with severe dial 
poisoning. The patient was in coma for 30 hours when an initial intra- 
venous dose of 20 mg. of strychnin was given, followed by a second 
dose of 10 mg. in 1 hour, and then 10 mg. every 2 hours and 2 injections 
every 3 hours. The last injection was 10 mg., 10 hours later. The 
patient recovered. Additional cases of the strychnin treatment of 
barbituric acid poisoning have been reported.^^’^^’^® 

Soma Weiss. 
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PULMONARY TUBERCULOSIS. 

In the opinion of Sampson and Brown, thoracic surgery has attained 
the advanced position it has todai' solely because of the precise diag- 
nosis of the extent of the pulmonary lesion which is made possible by 
roentgenologic study. Roentgenograms of the lung may be likened 
to pulmonary biopsy, and although histopathologic study of any given 
lung is limited of course to disclosure of a single state, in a series of 
roentgenograms one has the diagnostic equivalent of serial biopsies of 
lesions in a state of flux. Such studies have greatly helped to banish 
ennui from sanatoriums. 

Physical methods of pulmonary diagnosis cannot safely be neglected. 
However, primary infection in infancy and childhood that produces 
a small patch of bronchopneumonia cannot be diagnosed by physical 
signs; the condition is rarely detected save by accident, and roentgeno- 
logically it can be detected only at such time as it has apparently become 
hfealed and calcified or ossified. The same thing is true of the associated 
changes in the tracheobronchial lymph nodes; such changes also entirely 
escape detection by physical examination and are not seen roentgeno- 
logically until such time as they project their shadows into the high 
light of the bronchus or into the normal roentgenologic field. D’Espine’s 
sign has been shown by roentgenographic study to be of no value. The 
importance of tire discovery of the primary infection is attested by the 
tliousands of dollars spent during the last one or t\vo decades for roent- 
genologic investigation, which alone is capable of localizing in the lung 
an infection suggested by a positive tuberculin test. Physical signs 
tell little of what happens in tuberculosis of the lungs during that period 
when the disease exacts its least toll of human life, the interval between 
primary infection and the development of definite pulmonary tubercu- 
losis. 

Sampson and Brown felt that roentgenology has given some proof 
that the adult tjqie as a rule does not arise directly by extension from 
the primary lesion. If by the age of 23 there are no parenchymatous 
changes in tlie lung suggestive of pulmonary tuberculosis, only in rare 
instances will pulmonary tuberculosis develop. No child should be 
allowed to leave school, particularly high school, until roentgenologic 
examination of the tliorax has been made. In Sampson and Brovm’s 
experience vith 4000 examinations, conducted over a period of 7 years, 
only 7 of 79 children with parenchjmial lesions had definite physical 
signs on examination. The roentgenogram revealed tliat the usual site 
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of beginning, clinical pulmonary tuberculosis was in the upper lobe 
below tbe clavicle. Of 280 patients with minimal pulmonary tubercu- 
losis, rales were present in the apex in 27%, whereas a definite parenchy- 
matous lesion was revealed roentgenologically in more than 99_%. 
Hemoptysis was as frequent as rales (26%), whereas pleuritic effusion 
occurred in 12% of cases. Bacilli of tuberculosis were found in 35%. 
In a series of 1004 consecutive cases studied, there were no patients with 
definite physical signs and a negative roentgenogram. In 19 cases the 
physical signs suggested greater extent of the lesion than did the roent- 
genogram. In 211 cases the extent of the lesion appeared to be the same 
by both methods. In 361 cases the roentgenogram revealed more exten- 
sive disease than was inferred from the physical signs. In 396 cases 
the roentgenogram gave definite evidence of pulmonary tuberculosis, 
whereas the physical signs were practically normal. In 392 cases in 
which a cavity was revealed in the roentgenogram, physical signs of the 
cawty were present in only 58 (15%). Sampson and Brown placed 
great significance on the roentgenogram in determining the prognosis 
of pulmonary tuberculosis. Willis asserted that pneumonic consolida- 
tion tliat involves a comparatively large portion of a lobe, or even an 
entire lobe, is particularly prone to appear among children. It is the 
general impression that these consolidated areas definitely occur more 
frequently tlian would be expected if they were caused by the pneumo- 
coccus, that is, that they are encountered more commonly among 
tuberculous patients than among people in general. Usually the con- 
solidated areas under consideration have been attributed to one of the 
followng causes: atelectasis, edema, pneumococcal pneumonia, non- 
specific pneumonia in tuberculous indi^riduals, known as “epitubercu- 
losis,” and tuberculous pneumonia. The term, atelectasis, is loosely 
used by some; certain physiologists and experimental physiologists 
assert that there can be no true atelectasis, short of that invohdng an 
entire lobe, unless it is brought about by the diseased alveolar walls 
which act as barriers to the air in neighboring air spaces. Physical 
examination is usually quite different in pneumonic consolidation and 
in massive collapse, and is highly characteristic in each condition. 
Willis felt that edema has little to do with the formation of the charac- 
teristic roentgen shadoAvs. Pneumococcal pneumonia occurs only 
rarely among patients in sanatoriums. 

That a peculiar nonspecific. pneumonic consolidation may occur in 
tuberculous patients (and in these only) is the contention of Eliasberg 
and Neuland, who gaA^e the affection the name, epituberculosis. The 
only criteria for ordinary pneumonia Avhich these consolidated areas 
offer are the physical signs of consolidation. ScA'^eral points make the 
diagnosis of tuberculosis highly probable if not mandatory. These 
are: (1) the long duration, (2) the lack of stormy symptoms, (3) the 
necessary presence of tuberculous infection, as CAudenced by the tuber- 
culin reaction, (4) the presence of bacilli of tuberculosis in tlie sputum, 
as demonstrated in numerous instances, (5) the histologic appearance 
of excised pulmonary tissue in a clinical case, and (6) the reappearance 
of the condition in children after injection of tuberculin. The consider- 
able A^olume of experimental Avork of others and their oaa'u experimental 
data indicates that tuberculous pneumonia may be induced in experi- 
mental animals. This disease frequently undergoes resolution, as is 
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e^^denced by serial roentgenograms and at necropsy. It is clear that 
tills pneumonia of animals is specifically tuberculous in nature. It is 
likely that such specific pneumonic processes are very similar to, or 
identical in nature nith, clinical pneumonic consolidations that occur 
in tuberculous indiidduals, and that each is the product of the exudative, 
allergic reaction of an animal organism which is sensitive to bacilli of 
tuberculosis and tuberculin. 

Allison and Bledelman presented a study based on observations of a 
series of thoracic roentgenograms of tuberculin-tested children made 
over a period of years. The series embraced more than 10,000 children 
many of whom were reexamined roentgenologically over a period of 
10 years. Allison and Medelman’s classification of &st infection tuber- 
culosis in cliildhood is: {A) known infection with no demonstrable 
lesion, {B) uncalcified tuberculosis of the primary pulmonary or cliild- 
hood type, (C) calcified tuberculosis of the primary pulmonary or child- 
hood type, (D) adult type tuberculosis with or without a demonstrable 
primary focus. In considerably more than half of the cases in Group 
A in which the Mantoux reaction was positive, no lesions in the thorax 
attributable to tuberculosis were demonstrated. In Group B the pri-: 
mary focus is situated in any part of either lung and is in the form of 
tubercles. Occasionally it may be bilateral, its size varjdng mtliin wide 
limits. In unfavorable cases the primary focus may break down with 
formation of a ca^^ty. Various complications caused by the dissemina- 
tion of the tubercle may occur. Allison and Medelman have observed 
cavitation, miliary tuberculosis, bone tuberculosis, and tuberculous 
enteritis which developed during the evolution of an uncalcified pulmo- 
nary lesion of the first infection type. These complications, however, 
were extremely rare. The typical roentgenologic appearance is tliat 
of a homogeneous, dense opacity which involves a lobe, or a roughly 
triangular portion of a lobe vith the base of the triangle toward the 
periphery. Quite frequently the hilar and mediastinal lymph nodes 
draining this region can be visualized as a separate lobulated mass. 
The density of the infiltration decreases, and finally completely dis- 
appears, at about tlie time the calcified deposits fuse into one or more 
dense Ghon tubercles. As regression of the parenchymal lesion occurs, 
calcium is deposited in the involved Ijunph nodes. The most frequent 
lesion simulating resolving parenchymal tuberculosis is pneumonia. 
If the roentgenologist cannot be sure of the differential diagnosis at 
the original examination, he may take another roentgenogram in a 
week or 10 days; if tlie lesion is unchanged, tlie diagnosis is obvious. 
It is very important from a clinical standpoint to differentiate adult and 
cliildhood types. Tin’s is done by: (1) the well-known appearance 
of tlie adult type of infection, usually in the upper half of the lungs; 
(2) pre^'iously existing calcification of a former primary infection; (3) 
tlie presence of enlarged nodes in the childliood type and tlieir absence 
in tlie adult tjqie, and (4) if necessary, prolonged observation. Tuber- 
culosis of childliood has a tendency to improve and to calcify, whereas 
adult tuberculosis tends to increase without calcification. 

Primary tuberculous involvement of the tracheobronchial lymph 
nodes may occur without a demonstrable pulmonary focus. The diag- 
nosis in such cases depends on actual ^dsualization of a rounded density 
or lobulated mass extending into tlie parenchjma of the lung from the 
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liilus or mediastinum, or botli. From infancy to the age of 18 years it 
will not be seen in more than 4 or 5% of all cases. About 25% of the 
children with a positive Mantoux reaction fall into Group C. The dis- 
covery of calcified deposits gives definite evidence of the tuberculous 
nature of the lesion, except in rare instances. The adult type of tuber- 
culosis occurs on reinfection of those children who have previously 
been sensitized by a childhood type of infection. At least 50% of all 
children with the adult type of tuberculosis have it superimposed on a 
demonstrable childhood tuberculosis. 

Pinner stated that the hematogenous (nonmiliary) type of pulmonary 
tuberculosis seems to be little known. On account of its atypical 
manifestations, it is frequently not diagnosed. It has been described 
in tlie literature quite frequently, mostly in the form of reports of cases 
and under a great variety of names. A discussion of the literature.would 
not particularly help to clarify the matter as it stands. Of Pinner’s 28 
reported cases, 14 came to necropsy. Roentgenologically the disease 
is characterized by multiple, small foci which are usually more or less 
symmetrically distributed throughout the fields of both lungs. The 
distribution may be more or less even, or it may be limited to certain 
parts of the lungs, usually to the upper parts. The clinical symptoms 
and physical findings are often in great disproportion to the amount 
of roentgenologically demonstrable involvement. The further develop- 
ment of these lesions reveals certain well-defined characteristics that 
distinguish them clearly from bronchogenic tuberculosis. This type is 
assumed to be due to a hematogenous spread, or to repeated ones, for 
the following reasons; (1) the more or less even distribution of the 
lesions, (2) the frequent absence of older pulmonary foci from which a 
bronchogenic spread could have occurred, and (3) the frequent associa- 
tion of extrapulmonary lesions uitli the pulmonary lesions. The major 
morbid processes take place witliin the interstitial structure of the lung. 
These patients have little sputum and rarely with bacilli ; the appearance 
of bacilli in the sputum indicates small ruptures into the canalicular 
system of the lung. 

Watkins, discussing the healing of cavities in pulmonary tuberculosis 
observed roentgenologically, remarked that it was a clinician who 
asserted that only 60% of cavities were found by physical examination 
whereas 95% of them were revealed by roentgenologic examination. 
The majority of critical observers accept as substantially correct 
Graeff’s statement (1921) that the development of a pulmonary cavity 
is a^ death sentence for the unfortunate patient. This statement is 
subject to many exceptions. A tuberculous patient with a cavity as 
large as 1 inch in diameter has an average life expectancy under treat- 
rnent of only 1 year. Probably half of the patients can be healed by 
simple or modified rest in bed. For another fourth the cavity can be 
closed by pn'eurnothorax. The remaining fourth udll require the assist- 
ance of a thoracic surgeon for such procedures as phrenicectomy, intra- 
plemal and extrapleural pneumolysis, and thoracoplasty. Roentgeno- 
logic study offers the only certain means of determining whether a 
cavity is enlarging or healing under treatment. 

Bruck, in describing a round foci type of pulmonary tuberculosis, 
stated tliat Straub (1932) wrote a comprehensive article analyzing all 
cases reported up to that time. Straub found no reference to. this type 
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of tuberculosis in tlie American literature. Six to S isolated cases were 
reported in the German literature and Straub described 10 cases seen at 
his clinic. This form of tuberculosis ’occurs as round foci in a tliorax 
tlrat has other definite and characteristic lesions, or these foci may be 
the onl^'^ evidences of tlie disease. The lesions can be detected onlj"^ bj'' 
Roentgen rays, they are usually quiescent, and many times they produce 
no symptoms but are often detected accidentally during the course of 
other roentgenologic studies. Roentgenographically, over a period of 
years, tlie lesions do not appear to have undergone any definite change. 
Clinically, most of the patients are afebrile, have no constitutional 
reactions, and feel no discomfort. In Bruck’s case tlie sputum was 
positive for bacilli of tuberculosis. On biopsy, tuberculosis of the right 
vocal cord was found. A small minoritj’^ of the cases reported clinically 
gave ewdence of activity. 

Murphy, in discussing bronchography as an essential and safe adjunct 
in the study of pulmonary tuberculosis, reviewed tlie history of tlie 
application of broncliograpliy to the study of bronchiectasis and pulmo- 
nary tuberculosis and described the technique employed. The study com- 
bined roentgenoscopy and roentgenography. Ninety-nine injections 
of lipiodol were made in cases of pulmonary tuberculosis in which there 
were no major complications. Broncliial dilatation was observed in 
60% of 65 cases, ranging from infiltrating to fibrocavernous lesions. 
Variability in the association of bronchial dilatation and tuberculosis 
was noted. Bronchial dilatations of all types and extent, which could 
not be distinguished from parenchymal lesions in the ordinary roentgeno- 
gram, were clearly defined in tlie bronchograni. 

Neuhof considered bronchography an essential measure for the precise 
localization of tlie lesion and delineation of tlie part of the patliologic 
process in pulmonaiy tuberculosis, when surgery is indicated, just as 
experience has taught it is in pulmonary abscess. V4ien caiaties are 
formed, a small fluid level has been the maximal direct eiddence of 
those in the upper lobe the bronchogram adds indirect evidence by 
delineating the disposition of the bronchi and bronchioles around the 
site of cavitation, usually about its lower circumference, outlining its 
situation and shape. Areas of rarefaction in the roentgenogram have 
been identified as caidties in the bronchogram. Bronchiectasis in the 
pulmonary parencliyma about tlie cavity can usually be differentiated. 
Bronchiectasis in tlie lower lobe is often revealed as a grossly abnormal 
bronchial tree, whereas in tlie roentgenogram it appears onlj"^ as a slight 
abnormality. Bronchography is of great value in estimating the degree 
of fibrosis and retraction in the tuberculous lobe; it may avoid some 
futile operations on tlie plirenic nerves and not a few ineffective pneu- 
motliorax treatments. It has also been found useful in the demon- 
stration of the results of the mechanical treatment of pulmonary tuber- 
culosis. 

MISCELLANEOUS LESIONS OF THE LUNG. 

Bendove and Gershwin discussed the inverse ratio in roentgenologic 
visualization of the bronchi and alveoli after the injection of contrast 
mediums. When iodized oil is injected intratracheally, it tends to 
delineate the bronchi and alveoli in an inverse proportion, that is, the 
more the alveoli are outlined, the less the bronchi are visible, and rice 
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versa. This inverse ratio in visibility of the iodized bronchi and alveoli 
is of diagnostic significance. In a normal lung the outlined alveolar 
element predominates, overshadowing all the bronchi, and the roent- 
genographic image simulates a tree when abundant leafage covers all 
the branches. Diseased and dilated brolrchi retain most of the injected 
material, and only very few if any of the alveoli in the corresponding 
region will be delineated in the roentgenogram. In cases of extreme 
cylindrical dilatation, the filled bronchi resemble branches of a tree 
devoid of all remnants of former foliage. The absence of the alveolar 
“leaves” may be general or localized, depending on the extent of the 
bronchial dilatation. Any bronchus that retains lipiodol 15 minutes 
after injection is to be considered functionally impaired, irrespective of 
its morphologic appearance. In order to maintain definite standards 
of comparison, it is always advisable to inject 20 cc. of lipiodol and to 
outline only one lobe at a time. 

Glass, in a series of illustrations, outlined the bronchopulmonary 
segment with special reference to putrid pulmonary abscess. In its 
primary evolution, an abscess involves definite and circumscribed 
regions of the lung. These regions are subdivisions of pulmonary lobes 
and constantly possess a definite shape, size, and position in the thoracic 
cavity. Each is composed of a bronchus and its associated alveolar 
tissue. The bronchus is one of the main divisions of a lobar branch, and 
each segment is a potential zone of infection through aspiration. Each 
segment is named according to its position in the thoracic cage and the 
pulmonary architecture. The postero-anterior roentgenogram affords 
the clearest view of the lung and always reveals shadows of abscesses to 
the best advantage. 

Van Allen, La Field, and Ross defined atelectasis as that state of the 
lungs as a whole, or of any part, in Avhich there is complete “airlessness” 
and alveolar collapse; it is “massive” when the area involved was large 
enough to permit the consistency of its Roentgen shadow to be deter- 
mined, and “focal” when the area was not so large. Massive atelec- 
tasis was produced in several dogs by plugging a lobar bronchus for 
24 hours. The animals were killed, the lungs removed, and roentgeno- 
grams WCTe made of both the normal and the atelectatic lobes. The 
atelectatic lobes were reinflated and roentgenographed again. Speci- 
mens of human lungs were obtained at necropsy, roentgenographed, 
and the nature of the lesions checked by gross and histologic examina- 
tion. Roentgenograms of the thorax of li'vdng subjects presenting similar 
lesions were collected. The pulmonary shadows in the three groups of 
roentgenograms so obtained were studied and compared. Only when 
the tissues are entirely free from infiltration with air is their shadow 
homogeneous. “Ground glass” best describes the appearance of the 
Roentgen shadow. 

_ In clinical roentgenography, if the diaplxragm is examined at expira- 
tion as well as at inspiration, elevation of the diaphragm on the side 
of the lesion should occur in atelectasis at both phases of respiration, 
whereas in pneumonia it occurs, if at all, at inspiration only. Focal 
atelectasis presents scattered mottlings, cloudings, and streaks which 
correspond to the positions of the individual foci of alveolar collapse; 
the ground-glass sign is absent. Focal atelectasis occurs in pure form 
most frequently in the compressive and congenital types of the disease. 



744 


PROGRESS OP JPEDICAL SCIENCE 


The markings tend to be arranged in lines radiating from the lulus. 
The majority of cases of postoperative atelectasis are of the focal form. 
The Roentgen shadow of a pneumonic area of lung is practically always 
heterogeneous in composition because of the air wliich is scattered 
through the lesion; even at tire height of tire disease careful scrutiny 
discloses faint cloudings or mottlings ratlier tlian a completely uniform 
and ground-glass shadow. The same applies to tuberculosis. Hemor- 
rhagic infarction is almost always heterogeneous in consistency owing 
to the presence of smaller or larger amounts of air in the tissues. Neo- 
plasms present the ground-glass sign, but in pime form they are readily 
distinguished from massive collapse by the absence of the environmental 
displacement that characterizes the latter disease. In extrapleural 
masses, the ^^scera adjacent to tlie lungs are either not displaced at all 
or are displaced in a different direction than in atelectasis. When 
massive atelectasis and other consolidative disease occupy the same 
portion of the lung, tlie ground-glass superimposed shadow obliterates 
all marks of the other lesions. 

Charles G. Sutherland. 
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CHRONIC CONGESTIVE SPLENOMEGALY AND ITS 
RELATIONSHIP TO BANTI’S DISEASE. 

By Ralph C. Larkabee, M.D., 

CONSULTING PHYSICIAN, BOSTON CITY HOSPITAL, 

BOSTON, MASS. 

When a patient is admitted to the wards of a hospital with an 
enormous spleen, anemia with leukopenia and perhaps a history of 
gastro-intestinal bleeding, the tentative diagnosis is likely to be 
Banti’s disease. Many such cases have been treated— and with much 
success — by splenectomy. If, however, the patient is a confirmed 
alcoholic, or if further research discloses evidence of cirrhosis of 
the liver or some other intra-abdominal abnormality, the spleno- 
megaly is apt to be attributed to that. In the resulting doubt and 
confusion the patient will probably lose the benefit of an operation 
from which he might have obtained great relief. For there is a 
prevalent impression that only Banti’s disease (and not spleno- 
megaly due to liver cirrhosis) should be treated by splenectomy. 

Banti’s disease, though frequently diagnosed in the ward, is, if 
Banti’s right to define the disease that bears his name is respected, 
extremely rare on the autopsy table. Strictly adhering to Banti’s 
classical description,!'^ the patient must have progressed through 
certain definite stages, the spleen must show certain and none too 
perspicuous histologic changes and, above all, there must be no 
ob^’ious etiologic factor. So rare are the cases that fill all of these 
requirements, both positive and negative, that most of them 
emerge from the pathologic laboratory labeled cirrhosis of the liver 
or perhaps classed on some other equally definite etiologic basis. 
And the Banti pigeon-hole remains nearly, if not quite, empty! 

VOL. 18S, NO. 6. — DECEMBER, 1934 



746 


larrabee: chronic congestive splenomegaly 


Waiving, for the moment, any consideration of the underlying 
nature and pathogenesis of Banti’s disease, let us consider the clin- 
ical syndrome upon -which the diagnosis must be based, before 
operation or, at least, before autopsy. In thus freeing our definition 
from any limitation on the basis of etiology, it must be realized 
that yve are admitting many cases -which are not Banti’s disease at 
all under the definition which he gave to it. The picture includes 
both positive and negative aspects. On the negative side one must, 
by appropriate studies, have excluded such definite diseases as 
leukemia and aleukemia, hemolytic jaundice and certain cases of 
primary hypochromic anemia. On the positive side we must have, 
first, a large spleen, usually large enough to be palpated with ease 
and sometimes reaching to the umbilicus or lower. Many patients 
have hemorrhages from the stomach, esophagus or bowel and late 
in the disease ascites is common. Second, the blood will show 
anemia, except possibly in very early stages, usually hj^mchromic 
in tj^e, with more or less leukopenia and frequently a mild throm- 
bocytopenia. Third, if the spleen is removed it will show, histo- 
logically, cellular hjqierplasia, fibrosis (Banti’s '‘fibro-adenie”) and 
generally also congestion. 

The writer has adequate records of 47 cases showing this picture. 
All had large spleens. Gastro-intestinal hemorrhages occurred in 
25. Ascites was present in 25. The blood showed more or less 
anemia in 44. Although in an occasional count the color-index 
was greater than unity, the blood picture -was invariably recognized 
as that of “secondary” or microcytic anemia. Leukopenia was 
present at one or more blood examinations in 38 cases, usually in 
all counts where there was no complication tending to produce 
leukocytosis. Platelets were likewise numerically decreased in 23 
of the 42 cases in which this point was noted. 

Opportunity for microscopic examination of the spleen was 
afforded in 31 cases, as a result of operation or autopsy. Nearly all 
of these spleens were studied by Dr. F. B. Mallory and his assistants. 
The reports were almost monotonously uniform. Fibrosis was 
invariably present, though in varjdng degrees. Usually there was 
more or less vascular congestion. As this paper is not a pathologic 
study, further consideration of the histologic details will not be 
attempted. It need only be said that the changes found in these 
spleens were such as might be fully accounted for by long-continued 
passive congestion. A few cases of leukemia and especially of 
Hodgkin’s disease, the clinical features of which resembled in some 
respects those of Banti’s disease, have been excluded. 

The records of these cases have been analyzed in an effort to 
determine what other lesions, if any, coexisted with those already 
described, with an especial Hew to such lesions as might of them- 
selves cause obstruction to the venous outflow of the spleen. The 
results are summarized in the table. 



la-rkabee: chronic congestive splenomegaly 


747 


Table 1.— Analysis of Cases of 


Alcoholic cirrhosis 

Toxic cirrhosis 

Syphilitic cirrhosis . . . . . 

Cirrhosis of undetermined type . 

Non-cirrhotic liver abnormalities 
Adhesions . • 

Congenital heart abnormality 

Ptosis of spleen 

Etiology unknown 

Totals 47 23 7 14 3 

In 14 cases no obvious cause of portal obstruction was found. 
These were mostly the cases in which neither operation nor autopsy 
was done (Cases 1 to 10 inclusive). Perhaps they should have been 
omitted because, without opening the abdomen, most obstructive 
lesions other than the exceptional ones involving enlargement of the 
liver will be missed. A large liver may, of course, bear an obstruct- 
ing lesion, but is less apt to do so than is the much less easily recog- 
nizable liver which is decreased in size. 

Two of the 14 negative cases (Nos. 11 and 12) were operated 
upon; but the records are silent as to the presence or absence of 
abnormalities of the liver and other viscera. 

Only 2 other cases failed to show some significant abnormality 
in addition to the splenomegaly. (See abstracts of Cases 13 and 14.) 
It is possible that the liver of Case 14, as in a case reported by Pox,^ 
was actually diseased, although at operation it appeared to be 
normal. Since in neither of these cases any especial attention was 
paid to the condition of the portal and splenic veins, they can 
hardly be taken as evidence that the splenic fibrosis was the primary 
lesion. Unfortunately, neither the surgeon in exploring the abdomen 
nor the pathologist in performing an autopsy includes a careful 
study of these veins as a part of his regular routine. 

In 24 (73%) of the remaining 33 cases, some form of cirrhosis of 
the liver was considered to be present, this conclusion being based 
on purely clinical evidence in 4 cases, on operative exploration in 9, 
and on microscopic examination of liver tissue in 11. Efforts to 
group these cirrhoses according to Mallory’s classification® were not 
always successful, since several were so atypical that they could not 
be placed, even though the entire liver was available. However, 
at least three types of cirrhosis — alcoholic, toxic and syphilitic — 
were recognized beyond reasonable doubt. 

The 9 cases of alcoholic cirrhosis (Cases 15 to 23, inclusive) 
included 3 diagnosed microscopically and 4 recognized at opera- 
tion. One of the cases autopsied also showed hemochromatosis 
(Case 16) and one of those palpated at operation (Case 18) had 
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dense adhesions about the liver. In 8 of the entire 9 tlie patients 
gave histories of aleoholism, and tlie 1 that did not (Case 20) 
showed at operation a large and “finely irregular’’ liver. 

The 3 cases of toxic cirrhosis (Cases 24, 25 and 26), the “healed 
acute yellow atrophy’’ of Mallory, were especially interesting. No 
case was accepted as belonging in this group unless the diagnosis 
was definitely proven by histologic examination of the liver. The 
writer believes that such cases are not uncommon and it is probable 
that some of the cirrhoses here included in the unclassified group 
were of this nature. They all had fibrotic spleens and clinically 
were quite as suggestive of Banti’s disease as the others. 

The 5 cases (Nos. 27 to 31 inclusive) classed as syphilitic cirrhosis 
offered considerable difficulty. All had positive Wassermann reac- 
tions (1 became negative after prolonged treatment). Nevertheless 
One may not assume that any abnormal liver in a syphilitic is syph- 
ilitic cirrhosis. However, in 2 cases (Nos. 27 and 30) the liver was 
examined microscopically and characteristic lesions were found. 
Two of the 5 cases showed, in addition to syphilis, other lesions 
which might have been influential in causing portal congestion- 
one (Case 29) had a cancer of the uterus, another (Case 27) had 
dense perihepatic adhesions. Case 28 may have had hemolytic 
jaundice, although he was definitely syphilitic and both the blood 
picture and the general clinical findings were characteristically of 
the Banti type. 

Cases of syphilis with splenomegaly and anemia have been 
reported by Giffin.® It is interesting to note that, in his patients, 
while antisyphilitic treatment led to general impro^’^ement, it did 
not benefit the anemia nor did the spleens decrease in size. Splenec- 
tomy, however, did result in more or less striking improvement in 
the blood. ’ The inference appears to be that the splenomegaly and 
the anemia were results, not of active syphilitic disease of the 
spleen, but rather of portal obstruction from syphilitic changes in 
the liver. Antisyphilitic treatment, while relieving the active disease 
in that organ, did not result in the disappearance of residual fibrotic 
changes nor the consequent interference with the flow of blood 
through the portal channels. But just this relief of the portal 
circulation was accomplished by removal of the spleen. 

There were 7 cases of cirrhosis of undetermined tj'pe (Cases 32 
to 38 inclusive), hlarked evidence of a cirrhotic process was found 
in all of them, being based on autopsy material in 3, on biopsy in 
1 and on palpation at operation in the others. All 3 of the cases 
- in which the diagnosis was based on operative e.xploration had 
notably small, hard livers; in 1 (Case 35) the liver was surrounded 
by dense adliesions, possibly the result of acute abdominal sup- 
purative disease; in another (Case 38) the liver was so irregular and 
scarred as to suggest toxic cirrhosis. Of the autopsied cases, 1 
(Case 32) showed old portal thrombosis and a liver the gross appear- 
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ance of which suggested toxic cirrhosis; in another (Case 36) there 
was clean-cut portal cirrhosis; in a third (Case 33) the liver was 
possibly syphilitic; but in none was the pathologist able to state 
the type with certainty. This group is unsatisfaetory only because 
the cases could not be classified etiologically. There is no evidence 
warranting the assumption that they were representatives of “true 
Banti’s disease.” Not only were the findings decidedly divergent, 
but in several of them, to say the least, the evidence is decidedly 
in favor of primary origin in the liver rather than in the spleen. 

Cases 39 and 40 had enlarged livers and were classed as “non- 
cirrhotic liver disease.” In neither was there any evidence as to 
the nature of the enlargement. A better classification would per- 
haps have been “liver abnormalities of undetermined nature.” 

Of the 5 cases (Nos. 41 to 45, inclusive) considered to be the 
results of adliesions about the portal area, the stories of all in- 
cluded operations for appendieitis. In Case 45 the diagnosis 
was presumptive. In all the patients whose abdomens were 
explored there were dense adhesions about the liver and generally 
also about the spleen. Clinically these cases did not differ from 
the others, except perhaps in the unusual completeness -of re- 
covery in the 2 that survived splenectomy. In addition to these 
cases classed as due primarily to adhesions, a number classed in 
other categories also had adliesions about the liver (Cases 11, 
12, IS, 19, 27 and 35). To what extent the adhesions were 
responsible for the portal congestion it is impossible to say. 

In Case 46, the only ‘finding that could account for portal conges- 
tion was a cardiac abnormality considered to be congenital. He was 
greatly improved after splenectomy and the blood slowly returned 
to normal figures. When lash heard from he was working as a 
janitor and boiler tender. 

Finally there was 1 patient (Case 47) with marked ptosis of the 
spleen, which was palpated in a position so low that it was mistaken 
for a uterine fibroid. Although there was no pre-operative study 
of the blood, the spleen was fibrotic. She continued to present a 
mild microcytic anemia which slowly cleared. A somewhat similar 
case was reported by Pernet.^^ 

Results of Splenectomy. Of the 47 cases upon which this paper 
is based, 24 were splenectomized. Seven of these died within a 
few days (29%). This seems unduly high. It must be remembered, 
however, that most of the cases were derived from the unfavorable 
material of a large municipal hospital. An unusually large pro- 
portion were in the more advanced stages of the disease, as shown 
by the fact that 11 (46%) had already had hemorrhages and 12 
(50%) were ascitic. Several operations were distinctly of the last- 
resort type. 

On the other hand, practically all of these patients had underlying 
lesions in organs other than the spleen, lesions which splenectomy 
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would rarely eradicate. Hence for most of them splenectomy was 
but a palliative operation. BelicAung it to be such, it has not always 
been ad^used in early cases where the patients were not yet materially 
incapacitated. This in spite of the faet that the operative mortality 
is most favorable in early operations. Years ago Osier,® speaking 
of splenic anemia, stressed its extreme clironicity. Some of his 
cases which seem closely related to the ones here reported lived in 
fair comfort for over a decade. This is especially true of those 
patients with alcoholic cirrhosis whose habits can be controlled. 
It is perfectly proper, then, to postpone operation until it is needed. 
But such a course, however advantageous to the patient, is not 
beneficial to one’s statistics. 

In a previous paper dealing vdth splenectomy, the writer® com- 
mented upon 2 patients (Cases 13 and 20 of the present report) 
who died of infections, in 1 probably septic endocarditis and in the 
other appendicitis, a few months after splenectomy. To these must 
now be added another (Case 14) who died of appendicitis after 

2 years. A death from septicemia 2 years after splenectomy was 
reported by O’Donnell.®® Such occurrences are not easy to account 
for. There is eAudence that in rats and other animals splenectomy 
does increase the susceptibility to infection with Bartonella.” But, 
so far as the writer is aware, no similar increase in susceptibility to 
infection has been demonstrated in any other condition. It has 
been suggested that the anemia observed by Pearce, Ivrumbhaar 
and Frazier^® both in dogs and man after splenectomy may be the 
result of infection, but there is not the slightest evidence that 
such is the case, either in their studies or in this series. 

Of the 14 other splenectomy patients, 1 (Case 34) is reported 
to have died of acute nephritis 2 months after operation; 1 (Case 27) 
died in 16 months of hematemesis; another (Case 21) died of 
cerebral hemorrhage after 7 years. It is impossible to say to Avhat 
extent the operations were responsible. Four patients were not 
heard from after leaving the hospital. The remaining 7 were 
reported well after periods varying up to 7 years after splenectomy. 

As to the specific benefits to be anticipated from successful splen- 
ectomy, it may be said that, of those Avho survived operation, but 

3 (Cases IS, 27 and 34) failed to show at least temporary improve- 
ment. Of 11 patients AA’ith gastro-intestinal hemorrhage, 2 died of 
operation, 7 were completely and 1 partially relieved of this symp- 
tom. Of 12 patients with ascites, 4 died of the operation and 5 
were relieved of the symptom. Of the patients operated upon, 
23 were anemic before splenectomy; of these, 7 died of the operation, 
9 were more or less completely relieved of this symptom, 5 partially 
relicA'ed, 1 not relieved and in 1 continued hemorrhage and repeated 
transfusions confused the picture. It is probable that the degree 
of relief was greater than these figures indicate, for the anemia 
often improves but slowly and tlie follow-up of several cases was 
incomplete. 
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The table shows the relative results of splenectomy and the 
relative mortality in the different groups classified etiologically. 
The number of cases, when thus subdivided, is too small to have 
much significance. The writer has the impression that the toHC 
cirrhosis group is particularly unpromising, while in those in which 
the lesion is largely mechanical and non-progressive, splenectomy 
seems to be especially beneficial. ^ 

Comment. Are any or all of these cases properly classed as Banti’s 
disease? Certainly if one takes Banti’s own definition as a criterion 
they are not. ‘He clearly recognized the occurrence of secondary 
cirrhotic changes in the livers of many of his cases, but with equal 
clearness he excluded cases in which the cirrhosis was primary. 
While admitting his ignorance of the true underlying cause of the 
disease, he supposed it to originate within the spleen, a splenogenous 
irritant carried through the portal channels being the cause of the 
phlebitic and sclerotic vascular changes as well as of the cirrhosis. 

In attempting to explain the present series of cases it is needless 
to appeal for aid to this purely hypothetic toxin. It would seem 
most improbable that one and the same irritating agent, whether 
derived from the spleen or from the alimentary tract, would result 
in lesions so fundamentally different from one another as acute yellow 
atrophy and alcoholic cirrhosis (using this term in its purely histo- 
logical sense). Moreover we find exactly the same clinical picture 
and exactly the same splenic abnormalities resulting from such 
pmely mechanical causes as obstructing adhesions, congenital heart 
disease, and ptosis of the spleen— and all about equally susceptible 
of improvement after splenectomy. 

We are forced to the conclusion that most, if not all, of these 
cases were not only associated with lesions interfering with the 
outflow of blood from the spleen, but were actually the results of 
such lesions. So far as the effect upon the spleen is concerned it 
seems to be immaterial where the obstructing lesion is located: it 
may be in the liver, in the splenic vein, in tlie portal vein above 
the junction or even in the heart. Apparently it must be a long- 
continued chronic obstruction, for Warthin^ was unable to produce 
permanent enlargement of the spleen by ligating the splenic vein. 
Few cases of congestive heart failure last long enough. In 3 of the 
cases here recorded, symptoms followed 5 or 6 years after severe 
appendicitis. This would appear to be about the minimum. 

There is little that is original about this concept. Warthin,^ in 
1910, and Johnston,^^ in 1931, expressed quite similar views. Many 
authors have described cases of alcoholie cirrhosis with spleno- 
^6gRly showing close clinical resemblances to Banti’s disease. 
Similar clinical states have been observed in sjqjhilitic ‘disease of 
the liver®’ in ptosis of the spleen,^* in primary obstructive disease 
of the portal vessels'^- and in persistence of an open umbilical 
vein.^® Not a few observers have doubted the existence of such 
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an entity as Banti’s disease and speak instead of Banti’s syndrome. 
It is true that but few have been willing to come out squarely and 
unequivocally with this opinion. Thus, hlcNee,^ criticizing Banti’s 
later \dew, states that Banti’s disease is merely an unusual type of 
"ordinary alcoholic cirrhosis, in which high portal pressm’e and 
changes in the spleen precede the onset of marked fibrotic changes 
in the liver.” This is clear enough, but he adds that the term 
Banti’s disease should be given up and the cases classed either as 
hepatic cirrhosis or as splenic anemia, thus merely substituting for 
Banti’s disease the even more indefinite term, splenic anemia. The 
VTiter of the present paper has never seen a case conforming in all re- 
spects to Banti’s requirements, but he does not on this account deny 
the possible existence of such a condition. He believes, however, 
that a more general appreciation of the fact that the symptom com- 
plex common to all of these various conditions may result from the 
state designated in the title of this paper will conduce to much 
clearer thinking. 

A clue to the possible relationship between these cases and those 
of Banti might perhaps be obtained 15y study of the microscopic 
lesions, a study which the writer is not qualified to undertake. The 
specimens are preserved and it is hoped that they will be studied by 
'someone more competent. Here it is only necessary to repeat that 
the changes found in these spleens were, in the opinion of tl^e path- 
ologist, due to long-continued passive congestion. It is perfectly 
conceivable that a primary vascular splenitis may occasionally occur 
with lesions which might produce similar clinical results from circu- 
latory obstruction vdthin the organ itself. Therein possibly lies the 
connecting link between Banti’s disease and such cases as those 
described in this paper. But this is, at present, pure hjqsothesis. 

That the anemia and other features of the blood picture are con- 
sequences of changes Avithin the spleen is quite generally admitted 
in Hew of their almost uniform improvement after splenectomy. 
'VSdien one looks at microscopic sections of these spleens the striking 
feature is the increase in connective tissue. Yet Avhen one takes 
into consideration the Amry great size of the organ he is impressed 
AA'ith the fact that there must also be a A'-ery eonsiderable increase 
in the pulp. Perhaps there is such a thing as “hypersplenism.” 
Or the anemia may be in some manner connected with the diA^er- 
gence of the portal blood, including that from the digestive tract, 
as well as that from the spleen, away from its normal course through 
the liver into the gastric, esophageal and other Aucarious channels. 
The degree to Avhich the portal blood may be thus diverted has been 
pointed out by IMcXee^ and is much greater than is generally 
realized. In adA'anced cases of cirrhosis from 85 to 100% of the 
blood may find its AA-ay through collateral A'essels. In such cases 
the metabolic products originating in the intestines and ordinarily 
carried directly to the liA-er can only reach the cells of that organ 
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bv way of tlie mucb-dilatecl liepatic artery, after passing tbiougli 
tile general circulation. However this may be, splenectomy relieves 
the blood abnormalities quite as regularly in the cases under dis- 
cussion as it does in typical B anti’s disease. 

On the whole, this group of cases seems to be so distinct from 
those described by Banti— or perhaps we should say from Banti’s 
conception of the cases he described— that it seems best to segregate 
them under a distinctive name. Yet the writer holds a sneaking 
suspicion that Banti would have classified some of the cases here 
described as primarily splenic, while the writer himself would have 
doubtless classed some of Banti’s cases as primarily hepatic or portal. 
Banti’s indefinite and confusing limitations have been commented 
upon by many writers— with especial clearness and force by Epplen.^^ 
We should not allow these and his hypothetical explanation to blind 
us to the fact that the clinical picture which he described has a 
much broader etiologic basis than he thought. Nor should we 
allow a patient to suffer needlessly just because we are not ignorant 
of the etiology of his ailment and can attribute it to a well-known 
cause. 

It is believed that these results demonstrate that a considerable 
number of cases of splenic anemia dependent upon various lesions 
obstructing the portal blood flow may be relieved by splenectomjL 
At the same time the study demonstrates the futility of expecting 
to "cure” more than a very small proportion by this or any other 
means. However great and lasting the betterment may prove to 
be, it is only in those few cases where the obstructive lesion is con- 
fined to the spleen or the splenic vein that splenectomy gets rid of 
the underlying lesion. In a large majority of the cases, particularly 
the liver cirrhoses, the primary disease remains, and if it is of a 
progressive nature it -goes merrily on. In cases where the under- 
lying disease is far ad^"anced the improvement in the blood and the 
partial relief of portal congestion can hardly be expected to restore 
the patient to a high degree of health. 

The practical question concerns the choice of cases for splenec- 
tomy; and the practical answer is that we should “make the patho- 
logic condition of the spleen and its effects on the blood the criterion” 
rather than the underlying cause (Mayo^**). The physician or 
surgeon confronted with an actual case need not trouble himself 
with theoretical questions as to the nature of Banti’s disease. If 
he has a patient showing the Banti pre-operative picture; if he has 
watched the patient long enough and studied him carefully enough 
to exclude leulcemia, hemolytic jaundice, polycythemia and certain 
other conditions; if ordinary surgical considerations favor splenec- 
tomy; he need not hesitate to operate because he believes that the 
patient has alcoholic cirrhosis or some other equally definite cause 
of portal obstruction. 
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Case Abstracts. Ages are recorded as of the date of splenectorey or, if not 
operated upon, as of the first blood-examination recorded. Blood: “before opera- 
tion" signifies the last examination preceding splenectomy and any preparatory 
transfusions; “after operation” signifies the maximum reached while under observa- 
tion; the figures separated by dashes refer to hemoglobin per cent — red corpuscles 
—leukocytes. The classificalion of each case is indicated by italics. 

Case 1.— F. C., male, age 44. Ill ttith chills in Italy at about age 5. 
Admitted for pneumonia. Liver 3 cm. below ribs; spleen to umbilicus; 
mild ascites. Blood, 93 — 4,472,000 — 3000. No operation. Etiology unknown. 

Case 2. — F. D., male, age 27. Repeated epistaxis 1 year, distention of 
abdomen and hematuria 6 weeks. Marked ascites, superficial veins of 
abdomen distended; spleen enormous, reaching into pelvis; liver not pal- 
pable. Blood, 31—1,808,000—1850, later leukocyte counts 1600 to 3400; 
at times a few m 3 >’elocytes. No operation. Etiology unknoivn. 

Case 3.— W. G., male, age 25. Mildly alcoholic. Penile sore at 23, no 
secondaries. For 6 months debility, pallor and gastric distress. Severe 
hematemesis 6 months and again 3 days before admission. On entrance 
no ascites; spleen 9 cm. below ribs; liver normal. Afterward had 2 more 
hemorrhages and became ascitic. Blood, 32—1,982,000—2900, platelets 
apparently decreased. After leaving hospital he continued to require 
tapping and died in 5 months. No operation, no autopsy. Etiology unknown. 

Case 4. — E. K., female, age 27. Metrorrhagia from puberty to age 25, 
no other hemorrhages ; mass in upper abdomen for 6 years. Spleen occupies 
entire left abdomen, extending into pelvis and beyond midline; liver not , 
felt; no ascites. Blood, 67—3,200,000—3800; platelets moderately de- 
creased. Owing to the enormous size of the spleen and the patient’s poor 
general condition operation W'as deferred. She did not apply for readmis- 
sion. Etiology unknoion. 

Case 5.— M. M., female, age 66. Abdomen increasing in size for 2 
months; hematemesis 3 days before admission. Marked ascites and mod- 
erate edema; lieart absolutely irregular, systolic and doubtful diastolic 
murmurs; spleen 4 cm. below ribs. Blood, 20—1,500,000—24,400. The 
patient was moribund and died before she could be transfused. No autopsy. 
Etiology unknown. 

Case 6.— S. N., male, age 13. For 5 months intermittent periods of 
fever, with increasing pallor. Heart normal; few rales both bases; liver 
palpable; spleen 4 cm. below' ribs. Blood, 33—2,436,000—1300; platelets 
slightlj' decreased. No operation. No autops}'. Etiology unknown. 

Case 7. — W. R., male, age 18. Admitted because of recent hematemesis 
and tarrj' stools. Spleen 6 cm. below' ribs; liver not felt; no ascites. Blood, 
27—1,600,000—5600, later 4000; platelets decreased. No operation. 
Etiology unknown. 

Case 8.— M. S., female, age 54. Subject to epistaxis for 30 years, 
recently vomited a little blood; always more or less pallor, dj'spnea and 
edema. Spleen from ribs to pelvis; liver not enlarged; no ascites, some 
edema. Blood, 04—3,888,000—1400; platelets much decreased, bleeding 
time prolonged. Owing to the immense size of the spleen and patient’s 
poor condition she w'as considered inoperable. Severe hematemesis after 
1 month, 9 months later became ascitic and edematous and died. No 
autop.sj'. Etiology unknown. 

_ Case 9.— S. W., female, age 20. Patient’s father died after splenectomy; 
his spleen show'ed Ij'mphoblastoraa. Pallor since age 10, recent retro- 
phaiw’ngeal abscess; admitted shortlj' after severe hematemesis. Spleen to 
umbilicus: liver normal; no ascites; no enlarged lymph nodes. Blood, 
02—3,360,000 — 2900; platelets decreased. Splenectom}' refused. Re- 
admitted after 6 months for hematemesis. Blood, 56—2,810,000—2950; 
])latclet.s normal. Splenectomj' again declined. Marrow puncture at 
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another hospital showed suspicion of leukemia, but patient’s condition 
remains unchanged 2 years later. Etiology unknown. 

Case 10.— A. W., male, age 35. Since 25 or 30 has had gastric symptoms 
and has noticed tumor in left abdomen. Spleen varies in size, sometimes 
to pelvis. Blood, 65—4,516,000—5600; rare myelocytes. One year later, 
70—3,072,000—1900; eosinophils 10.5%, rare myelocytes and numerous 
ery throblasts. This patient was observed for over 2 years, during which time 
the anemia deepened, the leukocytes vaiying up to 21,600; many erythro- 
blasts and rare myelocytes (highest, 1.6%). He finally became ascitic and 
splenectomy was advised, but refused. Etiology unknown. 

Case 11.— C. B., Chinese male, age 42. Edema and abdominal disten- 
tion 2 weeks. Spleen 7 cm. below ribs; liver normal; ascites. Blood, 
93—6,000,000—4000; eosinophils 18%; obvious thrombocjd;openia. Stool, 
slight amount of occult blood, no parasites. Splenectomy: condition of 
liver not noted; dense adhesions about spleen. Blood, after operation, 
58—3,500,000—7400; platelets 72,000. Greatly improved, no return of 
ascites. Spleen 1050 gm., fibrotic, no leishmania. Etiology unknown. 

Case 12.— A. B., female, age 17. Pain in left abdomen and dysuria 
since minor injury 17 days before admission. Spleen to umbilicus, some- 
what tender; liver normal; no ascites. Blood, 79 — 3,610,000 — 2950; plate- 
lets decreased. Pyuria. Splenectomy: spleen surrounded by dense adhe- 
sions and removed with difficulty; condition of liver not noted. Spleen 
fibrotic. Patient perfectly well at last note. Etiology unknown. 

Case 13.— E. B., male, age 17. Jaundice and anemia at age 11, followed 
by periods of dyspnea and pain. First seen at 14, when the spleen was 
5 cm. below ribs and blood 60 — 3,244,000—6100; under arsenic blood 
improved to 76—4,152,000—6200; the spleen remaining unchanged. Dur- 
ing 3 following years anemia slowly increased with wide fluctuations, spleen 
enlarged to 9 cm. below ribs; marked development of breasts and other 
feminine characteristics. Blood before operation 69 — 3,160,000 — 9900. 
Splenectomy. Marked improvement; blood in 2 months 116—5,080,000— 
11,600. Died of acute appendicitis 4-i months after operation. Autopsy 
showed general peritonitis and bronchopneumonia; liver 1425 gm., micro- 
scopically normal; marrow from central portion of sliaft of femur red, many 
erythroblasts, apparently hyperplasia of secondary anemia. Spleen 870 gm . , 
fibrotic, blood sinuses distinctly outlined, lymphoid nodules small and 
scattered. Etiology unknown. 

Case 14. — C. C., male, age 12. No hemorrhages. Spleen to umbilicus; 
liver not palpable; no ascites. Blood during 2 years preceding operation, 
60 to 85 — 3,260,000 to 4,880,000 — 4600 to 8400 (once 17,600); fragility 
normal. Splenectomy; liver appeared normal. Spleen showed marked 
fibrosis. Greatly improved, “a happy and normal child” for 2 years; 
then died of appendicitis. Etiology unknown. 

Case 15. — A. L., alcoholic male, age 46. Appendectomy at 36, hemat- 
emesis during convalescence ; since then repeated attacks of severe epigastric 
pain. Skin pigmented, possibly slight jaundice; spleen 7 cm. below ribs; 
liver to umbihcus; no ascites. Blood, 77—3,470,000—7000. Died 3 days 
after splenectonay. Autopsy showed peritonitis; spleen fibrotic and pig- 
mented; liver, cirrhosis of alcoholic type, also some nodules suggestive of 
toxic cirrhosis. 

Case 16. — A. M., alcoholic male, age 58. Gastric distress and vo mi ting 
3 years, occasional tarry stools and recent ascites (tapped). Skin pig- 
mented; auricular fibrillation; spleen easily felt; ascites. Blood, 70— 
3,140,000—4800; later leukocytes varied from 2000 to 4000. Abdomen 
tapped Several times. Patient was considered too ill for splenectomy and 
left hospital against advice. Readmitted, 3 weeks later, moribund. Au- 
topsy: spleen 520 gm., congested and somewhat fibrotic; liver 890 gm.. 
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gross appearance suggested to>ic cirrhosis, but microscopic examination 
sliowecl alcoholic cirrhosis and liemocliromatosis. 

Case 17. — H. W., alcoholic male, age 53. Dyspnea and edema 13 years; 
tapped for “pleurisy” 8 3 'cars ago, at which time he was told tliat the liver 
was large; jaundiced at times for 6 jmars. Marked jaundice; large heart 
with loud sj^stolic murmur; emphj'sema; slight ascites; neither liver nor 
spleen felt. Blood, 45 — 3,300,000 — 10,000, later counts showed moderate 
leukopenia. Developed dullness at right base with cough and purulent 
expectoration. Died after severe hemorrhage, thought to be from stomach. 
Autopsj^; small empj'ema at right base communicating vdth a bronchus, 
mitral and aortic valves thickened and calcified; spleen 535 gm., fibrotic; 
liver showed typical alcoholic cirrhosis. 

Case IS. — D. B., alcoholic male, age 50. Admitted for hernia. Spleen 
5 cm. below ribs; liver barelj^ felt; slight jaundice; marked ascites. Blood, 
70 — 3,180,000 — 4000. Splenectomj'; liver small and embedded in dense 
adhesions, preventing palpation. After operation blood 96 — 4,500,000 — 
12,600. Patient continued to require aspiration at frequent intervals. 
Spleen fibrotic. Alcoholic cirrhosis. 

Case 19. — M. J., mildly alcoholic female, age 40. Malaria at 30; pelvic(?) 
operation at 33, at which time large spleen was discovered. Since then 
periods of abdominal distention, no hemorrhages. Progressive distention 
for 2 months. Moderatety emaciated; marked ascites; spleen below umbil- 
icus; liver normal. Blood, 20 — 1,664,000 — 1500; platelets decreased. 
Abdomen tapped tvice; transfused 900 cc. Splenectomj’^; liver small and 
“hobnailed;” manj'^ adhesions. Died in 24 hours. Spleen 1025 gm., 
markedlj’’ congested, somewhat fiirrotic. No autopsy. Alcoholic cirrhosis. 

Case 20.— C. K., female, age 38. Three hemorrhages from stomach in 
10 months; abdomen enlarged 5 months, finally aspirated. Ascites; spleen 
to crest of ilium; liver not felt. Blood, 43—2,840,000—750; platelets much 
decreased. Splenectomj"; liver large and finely irregular; spleen 23 bj’’ 15 bj’’ 
5 cm., fibrotic. Much improved for a month, then after exposure to scarlet 
fever temperature rose to 104° F., after which chills, sweats and septic 
fever continued up to death 4 months from operation, apparentty septic 
endocarditis. Alcoholic cirrhosis. 

Case 21. — M. W., probabty alcoholic female, age 57. Repeated hemat- 
emesis and constant “stomach trouble” for 30 years. Spleen 4 cm. below 
ribs; liver just palpable; no ascites. Blood, 30 — 2,136,000 — 1650; slight 
decrease in platelets. Splenectomj"; liver small and hard; slight ascites; 
stomach rigidty constricted (hour-glass); gall stones. Spleen fibrotic. 
Much improved, but continued to have occasional hemorrhages. Died of 
cerebral hemorrhage at 64. Alcoholic cirrhosis. 

Case 22.— M. jM., alcoholic, female, age 53. For 4 weeks epigastric 
pain, hematemesis and tariy stools. Spleen 4 cm. below ribs; liver not 
palpable; slight ascites. Blood, 43 — 3,000,000 — 2200. Alcoholic cirrhosis. 

Case 23. — W. Z., alcoholic male, age 40. Hematemesis daj’^ before 
admission, repeated several times later with tany stools. .Ascites tapped. 
Loud sj'stolic murmur at apex and aortic area; sjileen 4 cm. below ribs; 
liver not palpable. Blood, 70 — 4,100,000 — 3800; platelets greatlj”^ de- 
creased. No operation. Alcoholic cirrhosis. 

Case 24. — T. C., female, age 54. Epistaxis, but no hemorrhage from 
alimentarj' tract; jaundice 6 weeks. Spleen 6 cm. below rjbs; liver not 
palpable; slight ascites. Blood, GO — 3,620,000 — 2600; platelets decreased. 
Splencctoinx-: liver much contracted and coamely lobulated. Died on table 
from arterial hemorrhage. Sjfieen, 400 gm., fibrotic and congested. Liver: 
a small piece removed at oimration showed to.vic cirrhosis microscopically. 
No autops}'. 
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Case 25.— E. J., male, age 14. Ill 4 years in Cuba; following a febrile 
attack remained pale and weak. Chronic diarrhea, 6 to 14 daily stools, 
containing blood. Emaciated; spleen 10 cm. below ribs, liver not j^lpable. 
Blood, 26—2,261,000—4200; platelets moderately decreased. Splenec- 
tomy,’ death. ’Autopsy, ulcerative colitis involving entire colon and lower 
40 cm. of ileum; spleen 780 gm., pulp greatly increased, great number of 
small, moderately distended sinuses, some fibrosis; liver 1200 gm., surface 
irregular and coarsely nodular, on section it presents very irregular islands 
of liver separated by connective tissue, microscopically it is typical healed 
acute yellow atrophy. 

Case 26.— E. S., female, age 16. For 5 months occasional edema and 
slight jaundice, urine constantly containing bile. Admitted with acute 
otitis media and later operated for mastoiditis, of which she died. Blood, 
74_4j60,000— 9100. Autopsy: spleen 620 gm., fibrotic; liver 670 gm., 
rough and nodular, microscopically healed acute yellow atrophy. 

Case 27.— M. D., alcoholic female, age 36. Epigastric distress after 
meals 15 years; hematemesis tivice in 9 months; abdominal swelling 3 
weeks. Neither liver nor spleen palpable because of ascites, which required 
frequent aspiration. Wassermann positive, but no improvement followed 
prolonged arsphenamin treatment. Blood, 40—2,240,000 — 4200 ; platelets 
slightly decreased. Splenectomy; liver greatly atrophied, its surface irreg- 
ular, many adhesions; spleen high and adherent, 335 gm., fibrotic and con- 
gested, vessels sclerotic, Malpighian corpuscles not grossly visible. Blood, 
after operation and 3 transfusions, 81—4,650,000—6800; 4 months later, 
75—3,910,000. Continued to require tapping about every 2 weeks, died 
of hematemesis 16 months after operation. Autopsy: peritoneum thick- 
ened, with massive adhesions everywhere; esophageal varices, probably 
site of recent hemorrhage; liver 1080 gm., capsule and portal connective 
tissue thickened so that islands of liver tissue are marked off, dense scars 
in places; single gall stone. Microscopically the liver shows large fibrous 
scars infiltrated with lymphocytes, no bile-duct proliferation. Infectious 
cirrhosis, presumablj’’ syphilitic. 

Case 28. — D. D., male, age 57. Syphilis at 17, Wassermann negative for 
past 4 years. Increasing paUor 3 years, recent dysuria and loss of weight. 
Yellowish pallor; liver 3| cm. below ribs; spleen 6 cm. below umbilicus. 
Blood, 43 — 2,557,000—8200 — normoblasts and megaloblasts — platelets nor- 
mal-reticulocytes 4.2%; volume index 0.67; hemolysis in NaCl solutions 
begins at 0.525 and ends at 0.375%. Later leukocyte counts 3200 to 4300. 
Under radiation the spleen became smaller and general condition better. 
Refused splenectomy and died. No autopsy. Probably sijphilitic cirrhosis, 
possibly hemolytic jaundice. 

C.^-SE 29. — S. G., syphilitic female, age 42. For 3 months pain in left 
upper abdomen and continuous flouTOg; lost 30 lbs. in 5 months. General 
condition poor; spleen 6 cm. below ribs, tender; liver not enlarged; ascites. 
Blood, 45— 2,680,000— 1850— Wassermann positive. Cancer of uterine 
cervix. Splenectomy; inoperable cancer of pelvis found at operation. 
Died, no autopsy. Spleen 1715 gm., fibrotic. Classed as syphilitic cirrhosis. 

Case 30. — J. P., alcoholic male, age 45. Nosebleeds for 6 months, 
dyspnea 10 months; Jaundice 4 months ago. Marked emphysema; spleen 
S c™- below ribs; liver not enlarged; moderate ascites; edema of feet. 
Blood, 45 3,500,000 — 2800; platelets appear decreased; Wassermann 
positive. Before operation, 46—3,200,000—7600. Transfused, and splenec- 
tomy done; died. Autopsy: esophageal varices with minute rupture; 
melena; acute general peritonitis; S. hemolyticus in blood; aorta suggestive 
of sj’-phihs; spleen 855 gm., fibrotic; liver 1380 gm., irregular (hepar lobatum) 
and other changes of syphilitic cirrhosis; splenic vem dilated to 1 cm. 
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Case 31.— A. W., female, age 46. ' For 3 months bloody stools and pain 
in left abdomen. Spleen palpable. Blood, 48—3,000,000—4000; Wasser- 
mann positive. Under treatment \vith arsphenamin the blood improved 
and the spleen diminished in size. SypMlilic cirrhosis. 

Case 32. — G. C., female, age 65. At age 56 exploratory laparotomy was 
done, diagnosis splenic anemia, spleen not removed. Ill for 3 months, 
nausea, epigastric pain, hematemesis and swelling of abdomen and extrem- 
ities. Spleen barety palpable; liver 7 cm. below ribs; ascites; slight jaundice; 
auricular fibrillation. Blood, 85—4,500,000—6250. Died of hematemesis. 
Autopsy: spleen large, showing microscopically congestion and fibrosis; 
liver small and cirrhotic, its appearance suggestive of toxic cirrhosis, but 
after examinmg microscopic sections the pathologist (F. B. Mallory), is 
unvilling to classify it; thrombosis of splenic and portal veins. Unclassified 
cirrhosis. 

Case 33.— R. F., alcoholic female, age 45. Abdominal distention 4 weeks. 
Spleen 6 cm. below ribs; moderate ascites. Blood, 84—4,900,000—4400, 
later 72—3,500,000. Died of hematemesis. Autopsy: spleen 1000 gm., 
fibrotic with marked distention of bloodvessels; liver 1380 gm., cirrhotic, 
marked cellular hyperplasia about vessels, some of which are completely 
obliterated; possibly syphilitic; portal and splenic veins sclerosed ; ulcerative 
colitis. Classed as ahjpical cirrhosis. 

Case 34. — L. H., male, age 19. Pallor 1 jmar; abdomen swollen 1 week; 
diarrhea. Spleen 3 cm. below ribs; liver normal. Blood, 77—4,190,000— 
3550; platelets much decreased. Splenectomy; liver small and soft, with 
a “wavy” upper surface. Patient did not improve and died 2 months later 
of acute nephritis. Spleen fibrotic. Cirrhosis of undetermined type. 

Case 35.— A. K., female, age 25. Five months before admission vomited 
blood and a few days later aborted. Ascites tapped 3 times. Three months 
before admission operated for retroperitoneal abscess (right), followed by 
weekly tappings. Emaciated; marked ascites prevented palpation of 
abdominal organs. Blood, 36—4,110,000—7500; platelets decreased. 
Transfusion and splenectomy: manj’’ small mesenteric C 3 '’sts; liver very 
small and hard, type of cirrhosis not determined. Required aspiration tvdce 
after operation; blood rose to 56 — 4,270,000 — 10,700. After 4 years patient 
is in excellent condition and ascites has not recurred. Spleen 420 gm., 
very marked fibrosis. 

Case 36. — M. A. L,, female, age 45. At 34 had edema and ascites for 
1 month, spleen and liver were large, heart markedly enlarged, with loud 
systolic murmur. Diagnosed splenic anemia. Blood, 45—2,726,000— 
3000; Wassermann negative. At 38 liver w'as palpable, spleen to umbilicus. 
Blood, 25—1,640,000—2400. Readmitted at 44; spleen 12 cm., liver 3 cm. 
below ribs; edge irregular and rough; marked ascites; blood, 19—1,390,000— 
1600. Refused splenectomy, died 5 months later. Autopsy; spleen 1350 
gm., fibrotic, some phagocytosis; splenic vein patent; liver 1650 gm., portal 
cirrliosis of undetermined type; heart 400 gm., valves normal. 

Case 37.— I. N., female, age 53. Indefinite debility 10 years; diarrhea 
and abdominal cramps 6 weeks; mildlj' jaundiced at times. Spleen to 
umbilicus; liver 5 cm. below ribs. Blood, 39—3,480,000—2900; platelets 
reduced ; hemolj'sis in NaCl solutions begins at 0.525, ends at 0.3 %. Splen- 
ectomy: liver somewhat rough and appeared cirrhotic. Marked improve- 
ment in blood and general condition. Still well after 6 j’-ears. Spleen 705 
gm., dilated sinuses and fibrosis. A bit of liver removed at operation showed 
slight cirrhosis of undetermined type. 

Case 38.— I. W., female, age 26. Double salpingectomj'^ at 23, followed 
by persistent menorrhagia. ^'erJ’' pale; spleen 2 cm., later 5 cm., below 
ribs; liver not felt; no ascites. Blood, 18—2,190,000—3000. Several trans- 
fusions and splenectomjv liver small and scarred, possibly toxic cirrhosis. 
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Spleen fibrotic. Marked improvement. Menorrhagia continued for 2 years, 
when she was readmitted with blood 44 — 4,970,000 12,000. Transfusion 
and hysterectomy, followed by marked improvement in blood and general 
condition. Cirrhosis of undetermined, type. _ 

Case 39.— P. B., male, age 18. Admitted in an acute respiratory mtec- 
tion. Spleen 5 cm. below umbilicus; liver 6 cm. below ribs. No ascites. 
Blood, 60—3,542,000—4900; platelets normal. No operation. Classed as 
non-cirrhotic liver disease. 

Case 40.— B. B., female, age 36. A sister and a niece have had splenec- 
tomies for causes unknmvn. Frequent gastric upsets with jaundice since 
a “grip” infection 4 years ago. No jaundice at present; liver shghtly 
enlarged; spleen to umbiUcus. Blood, 61—3,212,000—9500; icterus index 
12; platelets normal; hemolysis in NaCl solutions normal; stool contains 
occult blood. Splenectomy: liver slightly enlarged. Spleen markedly 
fibrotic. After 9 months hemoglobin was 85 and patient's condition good. 
Classed as non-cirrhotic liver disease. 

Case 41.— N. B., female, age 27. Appendectomy at 21, drained; oper- 
ation followed by sepsis, relieved after a month by evacuation of an abscess 
“behind the liver.” Operation at 25 for ventral hernia, dense adhesions 
found. Sixteen months later vomited blood and had tarry stools. Spleen 
5 cm. below ribs, transversely located; liver not felt; no ascites. Blood, 
75—3,500,000—3250; platelets appear decreased. Splenectomy and trans- 
fusion (750 cc.); liver very small, both it and spleen embedded in dense 
adhesions. Blood slowly improved to 80 — 4,000,000 — 11,630; platelets 
256,000. General condition greatly improved. Spleen 680 gm., fibrotic, 
hemorrhages into trabeculse, perisplenitis. 

Case 42.— E. D., male, age 12. Appendectomy at 6; a year later severe 
hematemesis and ascites (aspirated); hematemesis again at 11. Spleen 
4^ cm. below ribs; liver barely palpable. Blood 35—3,700,000—4000; 
fragility normal. Later leukocytes 4400 to 7150. Splenectomy; liver 
normal, dense adhesions about spleen, which was adherent to stomach. 
Spleen 525 gm., fibrotic, several small infarcts. Marked improvement; 
final blood 90-5,010,000-14,850. 

Case 43. — M. H., female, age 40. Six operations since age 21, including 
appendicitis, gastric ulcer and ovarian cyst; repeated epistaxis for 18 
months; several hemorrhages from stomach. Spleen easily felt; liver- nor- 
mal. Blood, 43 — 3,700,000 — 14,400; leukopenia never observed; hemolysis 
in NaCl solutions begins at 0.450, complete at 0,250%. Splenectomy: liver 
small, many firm adhesions about both liver and spleen interfered with 
satisfactory exploration. Died 2 days later; no autopsy. Spleen 250 gm., 
markedly fibrotic. 

Case 44. — C. M., female, age 51. Appendectomy at 45, appendix gan- 
grenous with a walled-off abscess and many adhesions. Emphysema; 
spleen 8 cm. below ribs; liver not felt; ascites. Blood, 32—3,360,000—5300, 
later leukocyte counts 2000 to 9800; Wassermann test positive. Readmitted 
at 59 TOth acute intestinal obstruction; operation and death from general 
peritonitis. Autopsy: gall bladder buried in old adhesions, which extend to 
surrounding viscera; spleen 880 gm., fibrotic; liver 1600 gm., microscopically 
normal; mesenteric vessels thrombosed, with infarction of gut. 

Case 45. — H. D., not alcoholic, male, age 30. Appendectomy at 20; 
gastro-enterostomy at 26; hematemesis 6 months ago; pallor 5 years. 
Spleen 3l cm. below ribs; liver normal; slight ascites. Blood, 26—2,478,000 
— 3000; platelets decreased. Adhesions. 

Case 46.— M. M., male, age 46. Known for years as a case of congenital 
heart disease. Recent hematemesis; loud systolic murmur and thrill- spleen 
to umbilicus; liver not felt; slight edema of feet and ascites. Blood, 53— 
3,590,000—4050, later 2600. Before operation, 70—3,750,000—4700; 



760 


larrabee; chronic congestive splenomegaly 


platelets moderately decreased. Splenectomy: liver slightly enlarged, 
smooth and normal in consistency. Blood after operation, 98 — 5,000,000 — 
10,650; platelets normal; Much improved and returned to laborious work. 
Spleen: blood sinuses -well defined, walls thickened and consist of coUagen 
reticulum in the meshes of which are numerous leukocytes and plasma cells; 
sinuses contain poljnnorphonuclears, lymphocj’^tes and endothelial leuko- 
cji^es, a number of which are phagocj'^tic and contain Ijnnphocytes and 
red corpuscles. 

C.\SE 47. — R. G., female, age 30. Tumor in left abdomen 3 years. Its 
nature was not suspected till exploratory operation showed it to be a 
greatly ptosed spleen, which was removed. Blood, after operation, 75 — 
5,680,000 — 13,800. Later, hemoglobin 95, leukocytes 10,600, eosinophils 
25 %. Spleen 470 gm., fibrotic, sinuses very distinct and dilated. Followed 
20 months, during which time she remained well. 

Summary. On the basis of a study of 47 cases the view is expressed 
that in the majority of patients presenting the elinical picture of 
Banti’s disease (splenomegaly with fibrosis, microcytic anemia with 
leukopenia and a late stage with hemorrhages and ascites) the con- 
dition is dependent upon various intra-abdominal lesions obstructing 
the venous outflow of the spleen. By far the commonest of these is 
liver cirrhosis of various types. As Banti has limited the definition 
of the disease which bears his name in such a manner as to exclude 
these cases it is thought best to segregate them under a distinctive 
name. However, splenectomy is indicated just as in Banti’s disease, 
regardless of the nature of the underlying lesion. 

The writer'Mshes to express his thanks to Drs. E. B. Mallory and J. H. Peers of 
the Pathological Department of the Boston City Hospital for material assistance in 
the preparation of this paper; also to the Editor of this Journal for important sug- 
gestions concerning its form. 
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Not many decades ago, and within the memory of living phys- 
icians, cases of primary splenomegaly were classified as cases of 
leukemia, chronic malaria, or splenic anemia. Gradually, however, 
physicians have learned to recognize clinically as separate syn- 
dromes certain diseases simulating splenic anemia. The features 
characterizing these syndromes were clarified and simplified, and 
it became possible to diagnose clinically hemolytic icterus, syphilitic 
splenomegaly, chronic septic splenomegaly and, in a certain pro- 
portion of instances, Gaucher’s disease, primary sarcoma of the 
spleen and subleukemic forms of leukemia. Now it is probable that 
it will be possible to divorce still another condition from the group 
of cases of splenic anemia and, if so, to save the patient the ill- 
advised ordeal of splenectomy. We refer to subleukemic splenic 
reticulo-endotheliosis, which at the time of examination is either an 
aleukemic or, more accurately, a subleukemic form of monocytic 
leukemia associated with splenomegaly as a prominent clinical 
feature. 

The extent and importance of the reticulo-endothelial system is 
not generally appreciated; knowledge concerning its physiology and 
pathology is complicated and confusing. It is probable, however, 
that the studies of hematologists and tissue morphologists will 
lead the way to a clearer conception of clinical manifestations and 
their relation to pathologic findings. Special methods of cell staining 
and study, by trained observers, are necessary to the proper inter- 
pretation of both hematologic and pathologic data. 

Active cells of the reticulo-endothelial system, both as histio- 
cytes of the tissues and as syncytial cells of sinusoids, perform 
amazing functions in hemopoiesis, hemolysis, phagocytosis, storage 
of colloids and pigments, elaboration of substances to be passed on 
to other cells, metabolism of fats, lipoids, iron and hemoglobin, 
and in defense reaetions of the body. Therefore, any clinical evi- 
dence of disorder of the reticulo-endothelial system must be regarded 

* Read before the Association of American Physicians, Atlantic City N J 
May 2, 1934. 
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as an indication of profound organic and functional disturbance of 
the organism. The histiocj’-te of the reticulo-endothelial system is 
a partially differentiated cell and probably cannot, under normal 
conditions, act as parent cell of either lymphocyte or granulocyte. 
There is reason to believe, however, that under certain conditions 
the histiocyte may be the parent cell of the monocyte, although 
monocytes are usually derived from myeloblasts. Surely, if leukemic 
reticulo-endotheliosis and monocytic leukemia are not one and the 
same disease, they are closely akin. 

In cases of leukemic reticulo-endotheliosis the primitive free 
reticulo-endothelial cell may be found in the blood in addition to 
the reticular type of monocyte. This primitive cell is generally 
larger than the leukocyte and usually has an eccentric nucleus, which 
is frequentlj'^ elongated but may be rounded or indented. The 
nuclear membrane is clearcut, sharp and smooth, and one or two 
nucleoli may be present; the chromatin is blue with Wright’s stain, 
sharply differentiated and arranged in fine granular strands. The 
cytoplasm is grayish-blue in contrast to that of the lymphocyte 
and blotchy or granular in appearance; cytoplasmic protrusions are 
common. The entire cell is youthful and delicate in appearance. 
Recognition of this cell in blood smears is a most important element 
in diagnosis. 

Clinically, reticulo-endotheliosis may be manifest in three char- 
acters: (1) As storage or lipoid histiocytosis, of which Gaucher’s 
disease, Niemann-Pick’s disease and the Hand-Schiiller-Christian 
syndrome are examples; (2) as infectious hyperplastic reticulosis, 
as in certain recurrent infections and sepsis, in infectious mono- 
cytosis, and in occasional cases of bacterial endocarditis; (3) as 
leukemic reticulo-endotheliosis. 

Patients with leukemic reticulo-endotheliosis may present them- 
selves with generalized involvement of the entire reticulo-endothelial 
system, with or without localized tumors, with predominant involve- 
ment of the bone marrow, predominant involvement of lymphatic 
structures, or predominant involvement of the liver or of the spleen. 
Any of these forms may be frankly leukemic (monocytic), sub- 
leukemic, or aleukemic. Leukemic splenic reticulosis is not difficult 
of recognition because of the high percentage of reticular monocytes 
in the blood; diagnosis of aleukemic forms may be clinically impos- 
sible. It is of the subleukemic type of splenic reticulo-endotheliosis 
that we wish to report 2 instances in which the diagnosis could 
have been made at an earlier date. 

Case Abstracts. Case 1.— A man, aged 33, had alwa 3 ’^s been in good 
health until the present illness. During the preceding 5 years he had 
noticed some fatigability and slight loss of weight. During the preceding 
3 3 Tars he had had 4 episodes like influenza associated 5\ith a vesicular 
eruption, chiefl 3 ' of the wrists, elbows and knees. Splenomegab’’ had been 
noted onl 3 ' 2 weeks preceding examination, and weakness recent^' had 
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become more marked than before. The patient was only 5 feet 3 inches 
(160 cm.) tall, and weighed 106 pounds (48.1 kg.); his normal weight had 

been 115 pounds (52.1 kg.). , , xi- r + 

General physical examination, May 5, 1930, revealed nothmg of apparent 
significance aside from very slight enlargement of the liver and considerable 
enlargement of the spleen. The spleen extended almost to the median line, 
and to the level of the umbilicus. The blood showed : hemoglobin, 12.7 gm. 
per 100 cc.; erythrocytes, 3,590,000 and leukocytes, 2600 per c.mm.; lym- 
phocytes, 70.5%; monocytes, 1-.5; neutrophils, 27; eosinophils, 0.5. (Sub- 
sequent study of blood smears led to the recognition of an occasional 
reticular cell.) One count of platelets, by the direct method, was 134,000 
per c.mm., but platelets were very scarce in the smears. Bleeding time 
was 1.5 minutes and clot retraction was only slight at the end of 23 hours. 
The fragility test showed slight increase in resistance of erythrocytes. 
Urinalysis, serologic test of the blood, and roentgenologic examination of 
the thorax gave negative results. Liver function test showed no retention 
of dye; the valud for serum bilirubin was 1.1 mg. per 100 cc. In spite of 
the delayed retractility of the clot and reduction in the number of platelets 
there had been no spontaneous hemorrhagic manifestations. 

Splenic anemia was thought to be the most likely diagnosis, and splenec- 
tomy was performed May 28, 1930. The spleen was markedly enlarged, 
weighing 1050 gm. ; there were few perisplenic adhesions. The liver seemed 
to be normal on palpation, and there was no enlargement of bloodvessels 
around the stomach. 

The patient returned December 16, 1930. He was considerably better 
and had gained 9 pounds (4.1 kg.), but still felt exhausted. The blood 
showed 15.7 gm. of hemoglobin ; 3,970,000 erythrocytes and 5200 leukocytes; 
lymphocytes, 61.5%; monocytes, 1.5; neutrophils, 36; eosinophils, 0.5; 
basophils, 0.5; reticulocytes, 0.5. Study of the smears disclosed definite 
macrocytosis, lymphocytosis and toxicated neutrophils; reticular cells were 
not recognized. Liver function test revealed no retention of dye; the value 
for serum bilirubin was 1.5 mg. per 100 cc. 

The patient was next seen June 21, 1933, about 3 years following splenec- 
tomy. His condition had become very much worse during the preceding 
month, the complaints being chiefly of weakness, chilliness and anemia. 
His weight was not reduced; it was 110 pounds (49.9 kg.). He was pale 
and sallow, but not jaundiced. Superficial lymph nodes were not notice- 
ably enlarged, although a few were barely palpable. The liver, however, 
had become definitely larger and extended three fingers’ breadth below the 
costal arch. Liver function test, however, gave no evidence of retention 
of dye; the value for serum bilirubin was 1 mg. per 100 cc. There was 
some abdominal distention, slightly suggestive of retroperitoneal involve- 
ment. The blood showed: hemoglobin, 10 gm.; erythrocytes, 3,630,000; 
leukocytes, 8200; lymphocytes, 90.5%; monocytes, 2; neutrophils, 6.5; 
eosinophils, 1 ; reticulocytes, 0.3. Study of the smears disclosed no definite 
immaturity, aside from the presence of a few cells wliich were regarded as 
reticular in origin. 

The patient was last under observation in December, 1933, 3J years 
after splenectomy. December 9, 1933, the blood showed' 7.6 gm. of hemo- 
globin; 1,520,000 erythrocytes and 6100 leukocytes; lymphoc 3 '-tes, 64.5%; 
neutrophils, 8.5 ; eosinophils, 1 ; reticulo-endothelial cells and reticular mono- 
cytes, 26. This high percentage of reticular cells led to a review of all 
former available blood smears, with the result that after prolonged study 
an occasional reticular cell could be found and reticular monocytes were 
not infrequently obsenTd. 

Treatment, which included transfusions and the use of Roentgen rays 
effected no definite improvement and the patient was advised to return to 
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Ills home. Wien he last was heard from, in April, 1934, he was weak, anemic 
and in ver}’- poor health. 

The spleen was examined bj' Dr. W. C. MacCarty, who reported: “The 
spleen weighs 1050 gm., is normal!}'' shaped and somewhat pale. Its densit}' 
is slightly increased. The cut surface is smooth, red and fairly homogeneous 
in texture. Microscopicall}’', the appearance of the organ simulates that 
of splenic anemia; howcA’er, there is in certain areas an increase in jarge 
ovoidal and spheroidal cells, apparently either of fibroblastic or reticulo- 
blastic origin. The organ is congested and contains some intra-cellular and 
extra-cellular pigment. The Malpighian corpuscles are almost invisible, as 
are their germinal centers.” 

Dr. Hal Dovmey also examined sections. His report was as follows: 
“Microscopically, the spleen shows areas of hyperplasia of the reticulo- 
endothelium; there is not a unifonn hyperplasia, however. Some small 
areas are xery hyperplastic and seem to gi^•e rise to large, pale monocytoid 
cells. Much of the pulp seems to lie fairly normal except for the occasional 
presence of these cells and the absence of hanphocytes. ' In a few places, 
reticular cells can be seen to form large piasmodia, which connect with 
the surrounding reticulum. A veiy few small follicles with germinal centers 
can be found. L}Tnphocytes arc .sf irce. The splenic tissue indicates a 
diagnosis of leukemic reticulo-endotheliosis in the early stages” (Fig. 1). 

Case 2. — A man, aged 50, for 10 months had had pain in the right leg, 
weakness and lassitude; and diagnoses of sciatica and neuritis had been 
made. In the course of the preceding (i months a slight hemorrhagic ten- 
dency had developed, evidenced motly by bleeding on shaving; there had 
been no gross hemorrhages. The patient had lost about 10 pounds (4.5 kg.) ; 
splenic enlargement had not been noted. 

Physical examination, October 13, 19:j0, gave evidence of slight enlarge- 
ment of the liver, and definite, althougii moderate, enlargement of the 
spleen. The blood showed: hen.nglo'nin, 11.4 gm.; erythrocytes, 2,910,000; 
leukocytes, 2000; lymphocytes, .51%; monocytes, 2.5; neutrophils, 40; 
eosinophils, 3.5; reticulocytes, 0.9: platelets, 04,000 per c.mm. Bleeding 
time was 4.5 minutes; coagulation time of the venous blood, 10 minutes; 
calcium time, 9.5 minutes; prothromliin time, slightly prolonged, and 
retractility of clot was not present in 0 hours. Examination of blood 
smears gave no evidence of immaturity of cells; there was a slight tendency 
to macrocytosis, but no shift to the right of the polymorphonuclears. 
(Subsequent study of blood smears led to the recognition of 2% of reticular 
cells.) Serologic tests of the blood gave negative results. Roentgenologic 
examination of the right hip gave evidence of chronic destructive arthritis. 
A marked degree of prostatitis was demonstrated. On liver function test, 
no evidence of retention of dye was obtained. 

After several days’ consideration of the case the condition was, with 
some misgivings, classified as splenic anemia with secondary purpuric 
manifestations similar to those found in hemorrhagic purpura. Splenec- 
tomy was performed October 25, 1930. Adhasions about the spleen were 
few. There waS'no excess dilatation of veins, either in the splenic pedicle 
or around the stomach. The liver and gall bladder seemed to be normal. 

Convalescence was satisfactory, and the patient was dismissed from 
hospital on the 14th day, at which time the value for hemoglobin was 57%; 
er}'throcytes numbered 3,490,000; leukocytes, 4600 and platelets 440,000 
per c.mm. of blood; clot retraction was satisfactor}' in 1 hour. 

The patient returned for reexamination 8 months later, July 27, 1931, 
stating that he had been ver}' much improved until May’ 1931, when he 
had begun to notice weakness and anemia. There had been no gross bleed- 
ing. The leukocyte count was said to have been ver}' low and at times 
the percentage of neutrophils was very low. The edge of’ the liver was 





Fig. 2. (Case 2.) Splenic tissue. Hyperplastic reticulum, -until formation of retic- 
ular monocytes, a, Reticular cell in process of extrusion into splenic sinus. 
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just palpable; Ijanph nodes were not enlarged. Examination of the blood 
gaA'^e the following results: hemoglobin, 26%; 1,650,000 erythrocytes and 
3600 leukocytes; lymphocytes, 50%; monocytes, 1; neutrophils, 28, and 
reticular cells and reticular monocytes, 21; occasional normoblasts were 
found; the percentage of reticulocytes was 0.4. Bleeding time was 3 min- 
utes; coagulation time of venous blood, 5 minutes; calcium time, 10.5 min- 
utes ; prothrombin time, normal, and retractility of clot was not yet present 
in 7 hours. Platelet counts were 70,000 and 58,000 per c.mm. Roentgen 
films of the lower ends of the femurs and of the upper ends of the tibiaa 
were negative for evidence of abnormalities of bone. _ 

Treatment was of no avail in combating the anemia and .the patient was- 
allowed to return home, where he died September 8, 1931. Necropsy was 
not obtained. 

The spleen was examined by Dr. W. C. MaeCarty, who reported; “The 
spleen weighs 800 gm. The density is slightly increased. The cut surface 
is homogeneous in texture. Microscopically, there is a generalized hyper- 
plasia of large ovoidal and spheroidal cells, apparently of fibroblastic or 
reticuloblastic origin. Malpighian corpuscles are entirely obliterated. The 
tissues are congested and in places contain free red cells as well as pigment.” 

Dr. Hal Doumey also examined the spleen, and his report is as follows; 
“This is one of the best specimens I have seen for evidence in favor of the 
derivation of monocytoid leukemic cells from reticulum. The structure of 
the spleen is very uniform, except that in some regions the number of free 
erythrocytes is greater than in others, and in certain areas free monocytoid 
cells are somewhat , more numerous, while in other regions hyperplastic 
reticulum predominates. There is no nodular arrangement of leukemic 
cells and the follicles have disappeared. 

“Monocytoid cells are large, rather pale, and contain relatively large, 
pale nuclei Avith one or tAvo round nucleoli. Occasionally one sees a large 
or medium sized lymphocyte, but it is eA'ident that the leukemic cells are 
not lymphocjrtes! The cytoplasm is very much less basophilic than that 
of lymphocytes and the nuclear pattern is different. The nuclei of the 
monocytoid cells are frequently indented and their cytoplasm is not as 
homogeneous and dense as that of lymphocytes. Normal sinuses are scarce. - 
The connective tissue walls of the sinuses are usually thickened and some 
of the sinuses seem to have lost all of their syncytial cells. Two sinuses 
were observed in which the proliferating reticulum surrounding the sinus 
had broken through the Avail. The nucleus of one of the reticulo-endothelial 
cells AA^as within the sinus, that portion of the cytoplasm had become 
rounded, and a distinct pedicle extended from this rounded portion through 
an opening in the Avail of the sinus to connect with the surrounding reticu- 
lum. Actual budding off of leukemic cells from hyperplastic reticulum 
can be seen in many places. In fact, the entire picture is typical of leukemic 
reticulo-endotheliosis of the tj’^pe in which the leukemic cells of the blood 
are monocytoid in character and at the same time show eAudence of their 
origin from cells of the reticulo-endothelial system” (Fig. -2). 

Comment. The literature of leukemic reticulosis Avill not be 
revieAved at this time. Cases in A\diich this condition has been recog- 
nized have been reported in increasing numbers within recent years; 
the total number in the literature is approximately 40. A feAA'^ of 
these have conformed to the syndrome considered in this paper; 
namely, subleukemic splenic reticulosis. 

Detailed and prolonged morphologic study of the blood is neces- 
saij to establish the diagnosis. Reticular cells and reticular mono- 
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cj’'tes have been described early in this paper. Tlieir recognition 
in blood smears is not difficult, but finding them in the early stages 
of the disease requires time. One is likely to classify them as 
mature monocytes, and their numbers may not be great enough to 
alter the normal percentage of monocytes. In the later stages of 
the disease the morphologic diagnosis is simpler because of the 
presence of a much higher percentage of reticular cells and reticular 
monocytes; in tliese cases they were, respectively, 26 and 21%. 
In both of the cases reported, reticular cells were not found on rou- 
tine examination of the blood at the first visit, but on subsequent 
review of these blood smears reticular cells were demonstrated. 

In the cases reported, macrocytosis of moderate degree, with 
hypochromasia, was present. The number of platelets was slightly 
reduced in Case 1 and markedly reduced in Case 2. The neutrophils 
showed a general shift to the left, their nuclei presenting some 
blurring of chromatin and irregularity of outline, and their cyto- 
plasm containing granules which were larger than normal, were 
more basophilic, and were more irregularly placed. These toxic 
changes grew more marked as the disease progressed and the 
anemia became more severe. 

The first patient presented a reduction of platelets and a delay 
of clot retraction; the second patient complained of free bleeding 
from cuts and had a low platelet count, a prolonged bleeding time 
and delayed retractility of clot. Hemorrhagic features have been 
noted also in reported cases. Leukopenia and an absence of leuko- 
cytosis were constant in these cases, even in the terminal stage of 
the disease; relative lymphocytosis also was present. Preceding 
episodes of infection were indicated by the histories. Liver function 
tests, even in the more advanced stages of the disease, revealed no 
retention of dye. It appears, therefore, that certain clinical features 
were present in these 2 cases which should have made one hesitate 
to diagnose splenic anemia and to search more carefully for reticulo- 
endothelial cells in the blood. 

Summary and Conclusions. Two cases originally diagnosed as 
splenic anemia and subsequently classified as subleukemic splenic 
reticulo-endotheliosis are reported; the first of these was seen in 
an earl}'' stage of the disease; the second was more advanced at the 
time of the first examination. The clinical and morphologic features 
which should have suggested an earlier diagnosis of splenic reticulosis 
are as follows: history of preceding episodes of infection; a short 
history of the development of splenomegaly; slight purpuric mani- 
festations with abnormalities of coagulation; leukopenia or normal 
leukocyte count with relative lymphocytosis and, in prolonged study 
of blood smears, the presence of reticulo-endothelial cells and the 
reticular type of monocyte. As the cases became more definitely 
leukemic, a higher percentage, between 20 and 30, of reticular cells 
could be found, even though leukocytosis was not present. The 
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advanced stages in both cases were characterized by severe macro- 
cytic anemia, which did not respond to treatment. The infectious 
hjTierplastic tj^ie of reticulo-endotheliosis, in which reticular cells 
may be found in the blood smears, can be distinguished from leu- 
kemic reticulo-endotheliosis by the presence of_ an increased per- 
centage of polymorphonuclears, the absence of immature reticular 
monocytes, and clinical manifestations of a predominating infectious 
process. Cases of subleukemic monocytic myelosis reveal the pres- 
ence of stem cells of the myeloid series and the absence of typical 
reticular cells. 

In splenic anemia, there is usually no definite history of episodes 
of infection, a history of fever is uncommon and splenomegaly 
usually has been present for years. Purpuric features are occasion- 
ally present in cases of splenic anemia but apparently they are not 
nearly so common as with reticulo-endotheliosis. In splenic aiiemia 
the test of liver function almost always gives evidence of at least a 
moderate, and sometimes an extreme, grade of retention of dye, and 
gross gastro-intestinal hemorrhage is more common. Leukopenia 
with lymphocytosis is not uncommon in splenic anemia, but exam- 
ination of blood smears, in addition to the absence of reticular cells, 
usually reveals more poikilocytosis and less macrocytosis. Pro- 
longed study of blood smears is essential to the demonstration of 
the presence or absence of reticular cells, particularly in the early 
stages of splenic reticulosis. 
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Occupational cyanid poisoning may occur in the hydrocyanic 
acid fumigation of ships and buildings. For example, the United 
States Public Health Service, according" to Surgeon General Cum- 


Bead m part before the American Public Health Association at Indianapolis, 
Uctoter 10, 1933; the Indianapolis Medical Society, February 13, 1934- and the 
^encan Society Im Pharmacologj- and Experimental Therapeutics at New York 
March 29, 1934.1 Preliminary reports were also made to the Society for Experi- 
mental Biology and Medicine.n.* * 
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ming, annually fumigates from 2000 to 3000 vessels in its quarantine 
work. Potassium cyanid or hydrocyanic acid is frequently used in 
photography, electroplating, metallurgy, and gilding, and must 
therefore be considered a potential danger to the lives of those who 
are engaged in such professions, unless adequate precaution is 
exercised. 

Accidental deaths have resulted from eating nuts or other parts 
of plants that produce cyanophoric glucosids, such as bitter almonds. 
There are in the vegetable kingdom at least 360 varieties in 148 
species and 41 families yielding hydrocyanic acid. 

An aiTow grass of the species Triglochin viaritima has been fatal 
to livestock in Western States, due to its content of hydrocyanic 
acid. According to Beath, Draize and Eppson,'* the small slsoots 
of regrowth collected at the end of September may assay as high 
as 77 mg. of hydrocyanic acid per 100 gra. of the green plant. 


1 9o:? 

1922 

1923 

1926 

1927 

1928 

1929 

1930 

1931 

DEATHS FROM CYANIDE POISONING 
IN REGISTRATION AREA 

Fig. 1. 

From 1909 to 1931 (Fig. 1) there have been 79 to 243 deaths 
annually from cyanid poisoning in the registration area of the United 
States, On the average, therefore, the mortality rate is about 1 to 2 
per 1,000,000 population. In large cities, the death rate may be 
relatively higher. For example, in San Francisco, with a population 
of 634,394 in 1930, there were 8 deaths from cyanid poisoning in 
1928, lO jn 1929, 11 in 1930, 12 in 1931, and 21 in 1932.5 

The highest incidence of deaths from cyanid poisoning are due' 
to suicide. Thus, in 1931 of the 243 deaths due to cyanid poisoning 
in the United States, 241 were suicidal. All the San Francisco 
deaths from 1928 to 1932 were also the result of self-murder. 

Status of Previously Proposed Antidotes. A comprehensive review 
of the earlier literature on hydrocyanic acid and its derivatives and 
antidotes has been made by Hunt.® It suffices here to mention 
the various chemical agents that have been advocated for the treat- 
ment of cyanid poisoning. One class of antidotes contains sulphur; 
of these sodium thiosulphate is the best known. The results of 
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Lang/ Heymans and Masoin/ Meurice,® Hunt^® and Hug” indicate 
that sodium thiosulphate has to a certain degree some detoxifying 
effect in animals poisoned with a cj^anid, particularly if it is intro- 
duced into the circulation beforehand. In spite of the limited 
efficacy of the thiosulphate therapy, favorable clinical reports have 
been made by Lassaga,^^ Feyerabend^® and Buzzo.^^”® In 2 cases 
of cyanid poisoning, sodium thiosulphate was injected intracar- 
dially.^®”^ 

Another sulphur-containing compound, sodium tetrathionate, 
was shown by Hebting,^® Chistoni and Foresti^® and Draize®® to 
have an antidotal action against cyanid poisoning. 

Evidence of antagonism between other sulphur-containing sub- 
stances, such as sodium sulphid, cystin, cystein, thio-acetic acid, 
jS-thiolactic acid, a- and j3-dithiodilactylic acids, thioglycolic acid, 
glutathion, sodium seleniosulphate, and colloidal sulphur, on the 
one hand, and cyanid on the other, was furnished by Lang,'' Heb- 
tingji® Voegtlin, Johnson, and Dyer,®^ Meurice,^® Milanesi®® and 
Forst,^^ but from a practical point of view there is no indication 
that they are better than sodium thiosulphate.®®’®® 

Dihydroxyacetone injected prior to the poison affords protection 
in animals as reported by Forst,®^ Rentz,®^ and Turner and Hul- 
pieu.®® Similarly, glucose or glucose with insulin, administered before- 
hand, has been shown to exert an antagonistic action against cyanid 
by Violle®® and others.®®’®^’®®’®"* On the contrary, Voegtlin, Johnson, 
and Dyer,®^ Heymans and Soenen,®® Hynd,®^ and Turner and Hul- 
pieu®® failed to notice any prophylactic value of glucose. A large 
number of other carbohydrates have been tested in cyanid poisoning 
by Forst,®® but the majority of them are useless if poisoning has 
already taken place. 

Although cobalt nitrate appears to have some protective value 
in animals against cyanid poisoning,®®-''-® it is itself a relatively 
toxic substance. Potassium permanganate and hydrogen peroxid 
might be expected to be efficient chemical antidotes of cyanid, but 
the results of Walko®'' and Muntsch®® indicate nothing of practical 
importance. Certain depressants, such as scopolamin and morphin, 
may postpone the onset of con^’ulsions, but they do not seem to 
reduce the toxicity of cyanid.®®-®'' 

Circumstances Leading to Present Investigation. In 1932 Geiger'*® 
reported a case of cyanid poisoning successfully treated with methyl- 
ene blue and, later, 2 other cases which recovered. The adoption of 
methylene blue therapy was based upon the work of Sahlin,” 
Eddy,'*® Brooks,"*® Hug*^ and Hanzlik.'*'* Hug'*® and Wend el,'*® 
working independently, came to the conclusion that the antidotal 
action of methylene blue is due to the formation of methemoglobin 
which, in turn, reacts with the cyanid ion to form a much less toxic 
compound, cyanmethemoglobin. 

Our primary interest in the problem was to ascertain quantita- 
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tively how many fatal doses of cyanid can be detoxified by methylene 
blue. In one paper, we showed that by the injection of the dye, 
animals were saved from 2 fatal doses. Amyl nitrite given by 
inhalation, on the other hand, antidotes 4 fatal doses. 

After the appearance of our paper, it was our good fortune to 
learn by personal communication that an American physician. 
Doctor Pedigo,'*® in 1888 proved beyond doubt the value of amyl 
nitrite against cyanid poisoning in dogs. Unfortunately, Kis article 
has not been listed in easily available indices or mentioned in text- 
books, so that it is difficult for later investigators to' be aware of 
his important work. The delay in appreciating his results has 
probably also caused the tardy development of the nitrite therapy. 

Another paper that deserves special mention is that, of Mla- 
doveanu and GheorghiiP® who in 1929 demonstrated the unques- 
tionable benefit of sodium nitrite in both anesthetized and unanes- 
thetized dogs during cyanid intoxication. Evidence was presented 
that this nitrite saved animals from several fatal doses of potassium 
cyanid. 

"Work was continued in our laboratory on other nitrites and sodium 
thiosulphate and tetrathionate. In view of the fact that none of 
the substances detoxified more than 4 lethal doses of cyanid, it 
was finally decided to try combination therapy, especially because 
a synergistic action was noted by Forst-"* with dihydroxj'acetone 
and colloidal sulphur, and by Turner and Hulpieu-® with dihydroxy- 
acetone and sodium thiosulphate. Meanwhile, Hug®® and Buzzo 
and Carratala®* made studies along the same line with reference 
particularly to the combination of sodium nitrite and sodium 
thiosulphate, and their reports have promptly appeared. In general, 
there is mutual confirmation of their results and ours. 

Experimental Procedure. All the experiments were made on a group 
of 193 dogs weighing from 7 to 24.6 kg. (average 14.2), 186 of which were 
unanesthetized. In the early stages of the investigation, mice and rabbite 
were also employed, but they were found to be less suitable because of their 
relatively more rapid death from cyanid poisoning. In them, the ya- 
rious antidotes in order to be effective should be given preferably some time 
before the poison. In the dog, on the other hand, more precise results may 
be obtained and better comparisons can be made Mth different detoxi- 
fying agents. Furthermore, if a substance has a high antidotal action, it 
is ahnost always possible to demonstrate in dogs its efficacy during the 
late stages of cyanid poisoning; for example, immediately after respiratorj'- 
failure. 

The compounds studied in cyanid poisoning included methylene blue, 
nitroglycerin, amyl nitrite, sodium nitrite, sodium thiosulphate, sodium 
tetrathionate, combinations of sodium thiosulphate with sodium nitrite 
or amyl nitrite, and sodium tetrathionate vdth sodium nitrite or methylene 
blue. All of the substances, as well as sodium cyanid, were of the highest 
purity, conforming vdth U. S. P. requirements. The first lot of sodium 
tetratliionate, which is not official in the U. S. P., was courteously supplied 
by Dr. 0. A. Beath, the Agricultural Experimental Station,^ University of 
Wyoming, to whom we are greatly indebted. The remaining amount of 
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sodium tetrathionate was prepared by ourselves, at Dr. Beath s suggestion, 
according to Biltz and Biltz (transl. by Hall and Blanchard) 

In each unanesthetized dog, the antidotal agent was pyen slowly by vem 
at the same time the sodium cyanid gained entrance into the body isub- 
cutaneously) . In several cases the poison was adnumstered nrst and 
promptly followed by the antidote. The recorded antidotal value can 
therefore be termed ma.\'imal for each substance or combination since it 
was estimated under the most favorable conditions. No prophylactic 
action was determined, that is, by giving the antidote beforehand, because 
it had no bearing on the practical therapy. Solutions of 4 to 10% of sodium 
cyanid were employed depending upon the size of the dose to be adminis- 
tered. The dog was observed continuously day and night, and its pulse 
and respiratory rates were counted at frequent intervals. When signs of 
poisoning, such as vomiting, convulsions, and respiratory or circulatop' 
embarrassment, persisted for longer than the first hour or reappeared in 
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Fig. 2. — Comparison of antidotal action of different substances in dogs. 


the course of _ experimentation, _ the antidote was repeated in usually one- 
half of the initial dose. No animal was pronounced recovered until it was 
free from all signs of poisoning, accepted its food, and resumed its ordinary 
Amyl nitrite was the only substance that was administered by 
inhalation, the technique of which was previously described.'*^ A criterion 
of 3 out of 5 dogs was adopted in the majority of the cases to determine 
the highest dose of cyanid an antidote would detoxify. 

Experiments Avere also carried out ivitli sodium amytal, washed red blood 
corpuscles, insulin, glucose, and adrenalin, in the treatment of cvanid 
poisoning. ■’ 

Results. Our data are summarized in Table 1 and illustrated in Figure 2. 
The mmimal lethal dose (M.L.D.) of sodium cyanid in dogs by subcutaneous 
mjection was determined to be 6 mg. per kg. of body weight. The results 
until antidotal inedication may be discussed in Table 1 p. 772, 

1. A iiroglycerin This substance is not a true nitrite, although it has an 
action similar to that of a nitrite. In the present studies, 2 to 5% solutions 
in propjdene glycol were employed. Dogs receiving 10 to 20 mg per kg 
all had violent conAmlsions but recovered. A dose of 5 mg. per kg. wS not 
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Table 1. — Comparison of Antidotal Action of Various Substances in Cyanid 

Poisoning in Dogs. 
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able to detoxify 2 M.L.D.’s of sodium cyanid in animals— one dog 'died in 
21 hours and 50 min., and the. other in 38 min. There was little mdication 
that nitroglycerin had an antidotal action. , . , , i 

2. Methylene Blue. A 1% solution of the dye, freshly prepared was 
injected 1 to 5 min. after the cyanid. It should be noted from Table 1 that 
methylene blue in the dosage of 200 to 650 mg. per kg. can detoxify only 

2 M.L.D.’s of sodium cyanid. Trautman^ found that in rabbits methylene 
blue was useless in hydrocyanic acid gas poisoning. Furthermore, Sahlin^ 
emphasized the toxicity of methylene^ blue, and Macht and Harden 
recently reported wide A^ariations of toxicity- in commercial samples oi the 
dye, even though they Avere all labelled U. S. P . quality . 

3. Sodium Thiosidplmte. A 50_% solution of this AveU-knoAvn substance, 
freshly made, was iniected by A^ein. It Avas surprising that such a hyper- 
tonic solution, Avlien carefully injected, did not cause any sloughing or 
local edema. The compound has a very Ioav toxicity, for dogs receiving 

3 gm. per kg. showed no signs other than vomiting during the first hour. 
In the dosage of 1 or 2 gm. per kg., sodium thiosulphate saved dogs from 
3 M.L.D.’s of sodium cyanid. 

4. Sodium Tetrathionate. Tliis sulphur compound is less stable in aqueous 
solution (25%) than sodium thiosulphate, although it has the same antidotal 
value in a dosage of 500 mg. per kg. Sodium tetrathionate caused voiniting 
in dogs when doses of from 0.5 to 0.75 gm. per kg_. were injected intra- 
venously. A dose of 1.0 gm. per kg. killed; hence it is more toxic than 
sodium thiosulphate. 

5. Amyl Nitrite. By repeated inhalations, dogs were saA'-ed from 4 
M.L.D.’s of sodium cyanid as already described in a previous paper,"*^ ’ 
vSome animals required as many as 102 inhalations. 

6. Sodium Nitrite. Each morning a 4% aqueous solution was freslily 
prepared for the experiments of the day. The M.L.D. of sodium nitrite 
in dogs by rapid injection was found to be 45 mg. per kg. In cyanid poison- 
ing one-half of the M.L.D. of the nitrite, that is, 22.5 mg. per kg., Avas 
given in the first dose, but it Avas reduced to 10 mg. per kg. in subsequent 
doses. Several dogs surviving the cyanid poisonmg receh^ed total amounts 
of 72.5 to 92.5 mg. of sodium nitrite per kg. The efficacy of sodium nitrite 
is equal to that of amyl nitrite; that is, it antidotes 4 M.L.D.’s of sodium 
cyanid in the majority of cases. 

7. Methylene Blue and Sodium Tetrathionate. In 5 dogs poisoned with 
sodium cyanid, methylene blue (200 mg. per kg.) was injected and imme- 
diately followed by sodium tetratluonate (500 mg. per kg.). Although 
the number of experiments was too small, yet the results seem to indicate 
that this combination at its best saAms dogs from 6 M.L.D.’s of sodium 
cyanid. An additional animal was giAmn 8 M.L.D.’s of the cyanid and 
treated Avith methylene Islue and sodium thiosulphate, AAuth no success. 

8. Amyl^ Nitrite and Sodium Thiosulphate. IntraA'^enous injection of 
sodium thiosulphate and repeated inhalations of amjd nitrite detoxified in 
dogs 10 M.L.D.’s of sodium cyanid, beyond AAdiich the combination became 
ineffective. 

9. Sodium Ahlrite and Sodium Tetrathionate. Dogs injected intraA^enously 
Avith sodium nitrite and then sodium tetrathionate, survived 13 M.L.D.’s 
of sodium cyanid. The initial dose consisted of 22.5 mg. of sodium nitrite 
per kg., and sodjum tetrathionate, 500 mg. per kg., the subsequent doses 
pemg 10 and 250 mg., respectmely. Recovery occurred even AA'hen the 
trcatnieiit was instituted after respiratory failure 

10. Sodium Nitrite and Sodium Thio.sidphate. The liest antidotal action 
was observed with successive injections of sodium nitrite and sodium 
thiosulphate (Fig. 2). It Avas found that the optimal initial dose of sodium 
nitrite Avas mg. per kg., and that of sodium thiosulphate, 1.0 gm. per 
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kg. Subsequent doses of the nitrite should be 10 mg. per kg., and those of 
the thiosulphate, 0.5 gm. per kg. As shown in Table 1, 4 out of 7 dogs were 
saved from 20 M.L.D.’s of sodium cyanid by such medication. Death was 
delayed for several hours in those animals which did not survi%’’e. The 
efficacy of the nitrite-thiosulphate combination diminishes if the initial 
doses are either increased or decreased. For example, bj^ injecting an initial 
dose of 22.5 mg. of sodium nitrite and 2.0 gm. of sodium thiosulphate, per 
kg. of body weight, only 13 M.L.D.’s of sodium cyanid were detoxified, 
as stated in our preliminary report.- 

The action of sodium nitrite is prompt. It abolishes or decreases 
convulsions and often puts the poisoned dogs on their feet within 
a few minutes. Sodium tliiosulphate, on the other hand, is com- 
paratively slow in its effect, and does not appear to inhi bit con- 
vulsive movements like the nitrite. One feature that was observed 
and should be pointed out is the conversion of a rapidly fatal course 
of cyanid poisoning to prolonged remissions with occasional reap- 
pearance of toxic signs. There w^as a period of stupor or depression 
following the use of the antidotes. The 4 dogs receiving 20 M.L.D.’s 
of sodium cyanid required from 42 to 47 hours for complete recovery 
under the nitrite-thiosulphate treatment. The nitrite and the thio- 
sulphate should be repeated when there is an occurrence of vomiting, 

. hyperexcitability, tremor, dyspnea, or tachycardia. Sometimes it 
is a wise measure to administer them prophylactically even in the 
absence of the signs. However, under no circumstances should they 
be repeated oftener than once per hour. As the experiment pro- 
gresses the frequency must be greatly reduced, say, once every 
3, 4, or 8 hours. Rapid accumulation of sodium nitrite is just as 
serious as cyanid poisoning for it increases the degree of asphyxia. 
Two of our surviving animals received total amounts of 122.5 mg. 
of sodium nitrite per kg., and 6 gm. of sodium thiosulphate per kg. 
in 11 doses. 

The beneficial effect of the nitrite-thiosulphate therapy is con- 
vincingly demonstrated in Figure 3. The dog on the left hand side 
received 1 M.L.D. of cyanid. It vomited repeatedly 9 min. after 
the injection of the poison, w^ent into convulsions in 21 min., and 
died in 53 min. The dog on the right hand side had 10 M.L.D. ’s of 
cyanid. Following the poison sodium nitrite and sodium thiosuly 
phate were injected in order. The dog vomited once 23 min. after 
the introduction of the poison, but it was able to stand up on its 
feet practically all tlie time. To insure complete detoxification of 
the cyanid, the nitrite and the thiosulphate were repeated in 1 hour 
50 min., and 3 hours 50 min. The dog appeared perfectly normal 
in 20 hours 35 min. The experiment could not be duplicated 
with methylene blue, sodium nitrite alone, or sodium thiosulphate 
alone. 

The antidotal action can be illustrated in another manner. In 
Figure 4, the respiratory movements of an anesthetized dog are 
graphically recorded. At the beginning of the experiment a volume 
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of 4 cc. of the cyanid (M/50) was injected by vein in the course of 
1 min. This was followed by the familiar respiratory stimulation 
which, according to Heymans, Bouckaert and Dautrebande,^® 
is due chiefly to carotid sinus reflexes. Upon the return of the 
respiration to the initial rate and amplitude, a 1 % solution of sodium 
nitrite was injected intravenously at the rate of 4 cc. per min. until 
a dose of 22.5 mg. per kg. had been reached. The injection was 
then continued with a 50 % solution of sodium thiosulphate at the 
same rate until a quantity of 1 gm. per kg. had been administered. 
The resumption of sodium cyanid at the rate of 4 cc. per min. after 
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Fig. 3.— Contrast of treated and untreated animals. Dog on the left-hand side, 
male, ■weighed 13.7 kg. and received subcutaneously 6 mg. of sodium cyanid per kg. 
of body 'Weight. Dog on the right-hand side, male, weighed 14.8 kg. He was given 
60 mg. of sodium cyanid per kg. Simultaneously ■with the poison, sodium nitrite in 
the dosage of 22.5 mg. per kg. was injected intravenously, and followed by 2 gm. 
of sodium thiosulphate per kg. See text for further details. 

the thiosulphate now produced no respiratory stimulation. Wlien 
more than 2 M.L.D.'s of sodium cyanid had been given (the M.L.D. 
in anesthetized dogs by intravenous injection is approximately 3 cc. 
of M/50 solution per kg.), the amplitude of the respiration became 
gradually larger. The dog stopped breathing after 8 M.L.D.’s of 
the cyanid had been introduced. The same experiment was made 
with 6 other anesthetized dogs, and the results were confirmatory 
of those just described. The total amount of the cyanid required 
to kill those animals varied from about 6 to 9 M.L.D. ’s. 
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To give a crucial test of the nitrite-thiosulphate therapy, a few 
dogs were injected with large doses of sodium cyanid, and allowed 
to develop dangerous signs of poisoning, such as comuilsions, loss of 
corneal reflex, and in 1 case cessation of respiration, although the 
heart was still beating. It was found that, by the intravenous 
injection of the nitrite and the thiosulphate after the appearance of 
these dangerous signs, several dogs were revived from 10, 13, and 
15 M.L.D.’s of the cyanid. It did not seem possible to save dogs 
that had been poisoned for some time with 20 M.L.D.’s of cyanid. 
This is to be expected because the efficacy of an antidote diminishes 
as poisoning becomes Avell advanced. 
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Fig. 4. — Detoxification of cyanid as sho^\-n on respiration. Dog, female, weighing 
9.3 kg., was anesthetized wth phenobarbital sodium subcutaneously, 0.15 gm. per kg. 
The tracing of respiration should, be read from left to right. After the first M.L.D. 
of sodium cyanid had been injected, the drum W'as stopped. At the end of the 
second M.L.D. , it was started again for a short distance, and so on until the animal 
died. See text for explanation. 


Hug®® reported that dogs receiving 6 M.L.D.’s of hydrocyanic 
acid were saved with sodium nitrite and sodium thiosulphate. He 
further stated that if hydrocyanic acid was injected bj'- Ai-ein at the 
rate of 0.2 mg. per kg. per minute, dogs died with a dose of 0.8 mg. 
per kg.; but if sodium nitrite and sodium thiosulphate Avere admin- 
istered, more than 8 mg. of the poison per kg. were detoxified. 
Buzzo and Carratala®’ claimed that in rabbits sodium nitrite and 
sodium thiosulphate injected intraA'^enously antidoted 18 M.L.D.’s 
of potassium cyanid Avhich Avas gh'en by mouth. This Avork needs 
confirmation, particularly because of the fact that according to 
these authors’’* sodium thiosulphate alone oA^ercame 10 M.L.D.’s 
of cyanid— a figure tAvice as great as that obserA^ed by Lang’’ under 
the same conditions. In our oAvn laboratory, no rabbits treated 
with the nitrite and the thiosulphate surAUA-ed more than 6 M.L.D.’s 
of cyanid Avhich Avas injected subcutaneously. 
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. 11. Miscellaneous. Two dogs poisoned with 5 M.L.D.s of sodium 
cyanid, but treated ivith amyl nitrite, were injected intravenously Avith 
washed red blood corpuscles, prepared from another dog, Avith the hope 
that the added amount of hemoglobin would increase the capacity of 
detoxification. Although the transfusions prolonged the survivmg period, 
they did not alter the outcome of the experiments, that is, the animals 
finally died. Hematuria promptly appeared. An anesthetic dose of sodium 
amytal with no other medication was injected by vein into another dog 
receiving 2 M.L.D.'s of cyanid. Convulsions did not occur but respira* 
tion failed in 22 min. The suppression of conimlsions alone contributed 
no benefit to the course of cyanid poisoning. There was another dog that 
had 5 M.L.D.’s of sodium cyanid and received, in addition to amyl nitrite 
inhalations, insulin and glucose. It died in 1 hour 6 min. There was no 
evidence that glucose and insulin had any favorable influence upon cyanid 
poisoning. During the terminal stages of two additional experiments, 
adrenalin was given intravenous^, but it failed to delay the fatal outcome. 
Obviously, stimulation of the circulation did not postpone the respiratory 
failure. 


Discussion. Of the list of substances that have an antidotal 
action in cyanid poisoning (Table 1), methylene blue has the least 
efficacy. Sodium thiosulphate and sodium tetrathionate are equal 
in value. Amyl nitrite and sodium nitrite are both twice as effective 
as methylene blue. The most interesting feature is the synergism 
and potentiation of action of the nitrites on the one hand and the 
sulphur compounds on the other. The combination of sodium 
-nitrite and sodium thiosulphate detoxified 20 M.L.D.’s of sodium 
cyanid, which is almost 3 times the sum of their individual values, 
and fully 10 times as effective as methylene blue alone. A slight 
potentiation of action also appears to exist betiveen. methylene 
blue and sodium tetrathionate. 

No attempt was made to determine the mechanism of cj'^anid 
detoxification in this investigation, but there has been a sufficient 
accumulation of published data to warrant a tentative explanation. 
It is Avell known that nitrite ions react with hemoglobin. Hug*^’'’® 
and Wendeh® recently pointed out that the formation of cyan- 
methemoglobin by cyanid ions and methemoglobin accounted for the 
detoxification of the cj^anid. Previously, Rosenthal and Voegtlin®^ 
had already observed an antagonism between methemoglobin and 
cyanid on the rat testis (Warburg’s apparatus). The pigment cyan- 
inethemoglobin was first prepared by Robert®® and crystallized by 
Zeynek.®® According to Barnard®® cyanid combines with the iron 
of the methemoglobin molecule. Cyanmethemoglobin must be 
many times less toxic than cyanid. 

Another mode of detoxification, the conversion of cyanid to sul- 
phocyanate, has been suggested by numerous workers. Sulpho- 
cjanate is a relatively harmless radical. It is normally found in 
salivary secretions. 


In the combined action of sodium nitrite and sodium thiosul- 
pliate, then, the following three reactions probably take place: 

NaNO: + Hemoglobin —► Methemoglobin fl] 

^ Methemoglobin 5:1 Cyanmethemoglobin [111 
NaiSiOj + NaCN + O NaSCN + Na:SO< [IHJ 
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When the nitrite is injected alone, the sulphur is furnished by the 
thio-constituents of the body, such as cystein, glutathion, etc. 
It is not improbable that the chief function of the nitrite is to pick 
out the cyanid from various tissues and convert it to cyanmethemo- 
globin via methemoglobin. The real detoxification of the cyanid is 
its conversion to sulphocyanate, which is mainly brought about by 
the sodium thiosulphate administered, and to a less extent by the 
cystein and glutathion of the body. Recently Lang^^ demonstrated 
that the formation of sulphocyanate in the organism was catalyzed 
by an enzyme to which he gave the name rhodanase. lATen sodium 
nitrite and sodium thiosulphate are used together, it seems that the 
speed of conversion from cyanid to sulphocyanate is much acceler- 
ated. This results in the potentiation of the antidotal action of 
these two substances. On the other hand, equation [II] may be 
reversible so that in course of time free cyanid ions are liberated 
and typical poisoning signs reappear, hleanwhile, part of the sodium 
thiosulphate may have been eliminated. This explains the necessity 
for repeating the antidotes during the course of an experiment. 

The above explanation does not exclude other methods of cyanid 
detoxification, but as far as the evidence goes the formation of 
cyanmethemoglobin and sulphocyanate probably plays the most 
important role. 

A question arises as to why all the nitrites, as well as methylene 
blue, do not have the same degree of potentiation of action since 
each compound forms methemoglobin with hemoglobin. It must 
be recognized, however, that the similarity of this group of sub- 
stances is only qualitative. The effect of amyl nitrite is quick but 
brief, and that of sodium nitrite slower but more prolonged. ^ The 
commlsant action of nitroglycerin is synergistic with that of cyanid. 
According to Hug®®, a dose of 40 mg. of sodium nitrite per kg. 
converts 56 to 83% of hemoglobin to methemoglobin. Methylene 
blue, on the other hand, has a lower capacity of forming methemo- 
globin®-— so much so that it was not possible to demonstrate the 
presence of methemoglobin in the blood of poisoned cases.^® Amyl 
nitrite alone has the same antidotal action as sodium nitrite, but 
in association with sodium thiosulphate it does not potentiate as 
much as the latter. Buzzp and Carratala®® obtained similar results 
in rabbits. The question of methemoglobin concentration may also 
be concerned with the difference of action here. 

The favorable results of the nitrite-thiosulphate therapy in dogs 
against cyanid poisoning warrant trials in human cases, especially 
because both sodium nitrite and sodium thiosulphate are well 
knowm in medicine. Mota®^ has already saved a case of cyanid 
poisoning with sodium nitrite, the total amount injected being 
0.57 gm. The temporary depressor action apparently caused no 
damage. As pointed out above, sodium thiosulphate has also been 
employed for the same purpose. AAfiiile the most suitable dosage 
of the combination remains to be established, we would suggest 
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using 6 to 10 mg. of sodium nitrite per kg., and 0.5 gm. of sodium 
thiosulphate per kg. For an adult of 50 kg., therefore, the first 
dose would consist of 0.3 to 0.5 gm. of sodium nitrite and 25 gm. oi 
sodium thiosulphate. Subsequent doses should be one-half of that 
quantity. The two substances must not be mixed for administra- 
tion. , fl -j 

It may be reiterated here that the prognosis of any case of cyanid 
poisoning depends upon the dose of the poison taken and the prompt- 
ness of treatment — the earlier the better. Assuming that the quan- 
tity of cyanid absorbed is not too great, a rational treatment, 
based on animal experiments, would be: {A) immediate adminis- 
tration (inhalation) of amyl nitrite by an assistant for from 15 to 30 
sec., to be repeated every 2 to 3 min. until the physician has filled 
liis syringes with the antidotal solutions; (F) intravenous injection 
of sodium nitrite at the rate of 2.5 to 5 cc. per minute, followed by 
sodium thiosulphate at the same rate, care being taken to avoid 
extravasation; (C) gastric lavage if the poison is taken by mouth— 
preferably done by another physician for division of labor; (D) 
continuous observation of the patient for at least the first 24 to 48 
hours. A temporary improvement of the patient’s condition after 
initial medication does not insure ultimate recovery or indicate 
discontinuance of watching. Wlien signs of poisoning persist or 
reappear 1 hour after the initial dose, the nitrite and the thiosul- 
phate may be repeated. If there is no indication for repeating the 
antidotes, a second injection may be given 2 hours after the first 
for prophylactic purposes. 

A kit for the treatment of cyanid poisoning should be prepared 
and installed in ambulances and emergency units of large hospitals. 
This should consist of: 

12 Pearls of amyl nitrite 

2 Ampules of sodium nitrite, 0.3 gm. in 10 cc. of water 
2 Ampules of sodium thiosulphate, 25 gm. in 50 cc. of water 
1 Sterile syringe, 10 cc. size, with a 22-gauge needle 
1 Sterile syringe, 50 cc. size, with an 18-gauge needle 
1 File 

1 Stomach tube 

During recent years, studies have been made to find substitutes 
for hydrocyanic acid for the fumigation of ships. If^ however, 
hydrocyanic acid continues to be used for fumigation, some efiica- 
cious antidote, such as the kit proposed above, should be provided 
either on the ship or conveniently located at the dock. It may be 
reminded that the fatal course of poisoning by hydrocyanic acid 
gas IS shorter than that by its salts, potassium or sodium cyanid, 
so that therapeutical measures must be instituted immediately. 

In agriculture, the veterinarian may try out the same dose of 
sodium nitrite and sodium thiosulphate as proposed for men for 
sheep poisoned with arrow grass. In horses and cattle, multiples 
ot the same should be employed. 



780 


chejSt, rose, Clowes; 


Summary. An antidotal action against cyanid poisoning is 
possessed by methylene blue, sodium thiosulphate, sodium tetra- 
thionate, amyl nitrite, and sodium nitrite. 

A potentiation of antidotal action occurs when a nitrite or methyl- 
ene blue on the one hand, and sodium thiosulphate or sodium tetra- 
thionate on the other, are successivelj'^ administered. 

The highest antidotal action is exhibited by the combination 
of sodium nitrite and sodium thiosulphate. Under the most favor- 
able conditions in dogs, this combination detoxifies 20 minimal 
lethal-doses of sodium cyanid, and is 10 times as effective as meth- 
ylene blue. Recovery has occurred even when the two substances 
are given at the late stages of cyanid poisoning. 

A technique for employing sodium nitrite and sodium thiosul- 
phate in clinical trials has been suggested. 

We -n’ish to express our thanks to Messrs. Robert C. Anderson, Davis Ra-wlings, 
Robert Fink, Hans Schulze, Leo J. Freihage, John Hansen, William Winchester and 
Herschell Griffin for their assistance in numerous experiments. 

Addendum. lUiile this manuscript was going to press there appeared 
two papers, one by Viana, Cagnoli and Cendan'^" and the other by Hanzlik 
and Richardson.^® The former article was on 2 cases of cyanid poisoning 
successfully treated with the same antidotes we are proposing. The first 
case was that of a young girl who took 5 gm. of potassium cyanid. She 
received 1 ampule of amyl nitrite and a total amount of 1.5 gm. of sodium 
nitrite and 18 gm. of sodium thiosulphate. Although she developed severe 
cyanosis, recovery occurred. The second patient, a woman, ingested 2 gm. 
of potassium cyanid. She was administered 1 ampule of amyl nitrite and a 
total quantity of 0.75 gm. of sodium nitrite and 12 gm. of sodium thiosul- 
phate. She also survived. In the report of Hanzlik and Richardson, they 
presented data on sodium nitrite and sodium thiosulphate, confirmatory 
of our results, but they argued that metlDdene blue should be considered 
the antidote of first choice in cyanid poisoning. 
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ON THE INHERITANCE OF DIABETES MELLITUS. 
in. The Blood Sugar Values of the Relatives of Diabetics. 
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(Prom the Laboratory of General Physiology, Harvard University, and the George 
F. Baker Clinic at the New England Deaconess Hospital.) 

The analysis of the genetic basis of diabetes susceptibility indi- 
cates that a number of apparently normal relatives of diabetics 
are in fact potential diabetics.*-^ The identification of these per- 
sons, destined because of their genetic constitution to develop the 
disease, is of some consequence from both a practical and a tbeo^ 
retical point of view. AVe have accordingly determined the blood 
sugar concentrations of 169 close relatives of Icnown diabetics, on 
the assumption that abnormal concentrations might jdeld a clue 
to the presumable potential diabetics among them. In order to 
determine the limits of normal blood sugar concentrations we also 
examined a group of 125 control indiwduals. 

Two sets of examinations were emploj'^ed: (1) A set of routine 
venous blood sugar determinations, ordinarily taken 2 or more 
hours after a meal, and (2) a set of glucose and sucrose tolerance 
tests. These two groups of examinations vdll each be presented 
separately and then the relation of our findings to the jMendelian 
basis of the disease vull be discussed. 

Routine Blood Sugar Determinations. In Fig. 1 we present 
graphically the various blood sugar concentrations determined for 
76 controls and an equal number of relatives of diabetics; also the 
statistical constants of these data. The control individuals are a 
group of non-diabetic patients none of whom had any immediate 
family history of diabetes. It will be noted that the mean blood 
sugar concentration in this group is 94.2 mg. per 100 cc. compared 
mth a mean value of 101.3 for all the relatives of diabetics. A 
comparison of the data of Fig. 1 gives a value of P = 0.01. 
This indicates a significant difference between the distribution of 
blood sugar values in the two groups. It is obvious from inspection 
of Fig. 1 that this difference is largely due to the presence of a 
number of abnormally high blood sugar concentrations in the experi- 
mental series.* Eleven (14.5%) of the values in the experimental 

* Not only are the frequency distributions significantly different in our two 
series, but also the variance, c. g., the ratio ” is 5.25. For P = 0.01 this ratio is 
3.29 (see Snedecor^) and P is, therefore, much less than 0.01 in this scries. 
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series lie at 140 or beyond in Fig. 1. H the experimental series 
represented a normal group of persons exactly comparable to om 
control series we should expect 0.37% of the determinations to he 
at 140 or beyond. We can designate as a “limiting hyperglycemic 
value” 138.2 mg. per 100 cc. of blood, since blood, sugar concentra- 
tions higher than that would occur once in 200 trials. 



Fig. 1. — Frequency distributions for blood sugar concentrations in routine blood 
sugar determinations taken upon a control series and upon a series of relatives of 
diabetics. Blood sugars are given in mg. per 100 cc. of blood. 


It may be objected that high blood sugar concentrations are 
encountered in non-diabetic persons of advanced age, and that 
the exceptional cases in our series represent elderly persons. This 
is not the case. The median age of the 11 exceptional persons is 
34 years, and 9 of them are below 40 years of age. In fact, the 
population from which our standard control values are derived is 
a much more elderly group than our experimental series; the median 
age of the control series is about 50 years, that of the experimental 
series 26 years, so that our control data are definitely biased against 
the experimental data if the age factor is important. Actually, 
our control series does give a slight indication that the routine 
blood sugar values are slightly higher in older persons: of the 
36 persons less than 50 years of age, 24 (66.66%) had blood sugar 
concentrations of less than 100 mg. per 100 cc., and of the 40 persons 

* A value of 15 or above would occur less than once in 1000 trials, and a value of 
10 or aoovc once in 10,000 trials, yet we obsen'e 9 of the former and 7 of the latter 
m these 7G observ'ations. 
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above the age of 50, only 18 (45%) had blood sugar concentrations 
below 100 mg. per 100 cc. The difference is significant statistically 
(difference == 21.66%— probably error of difference = 5-3%, 
difference , 


S^tgar Tolerance. The 49 individuals employed as controls for 
the sugar tolerance series were normal healthy persons with no 
diabetic histories. Their median age was closer to tliat of the 95 
relatives of diabetics given similar tests; the median ages in the two 
groups Avere 28 and 31 years, respectively. 

Both glucose and sucrose tolerance tests were given: 100 gm. 
of glucose or 75 gm. of sucrose ivere taken 2 or more hours after a 
meal. No significant difference was found in the blood sugar 
values in the two tests. A definitely significant difference wns 
observed between capillary and venous bloods, hoAvever, and 
accordingly the control series was divided into two groups: (1) 21 
individuals lA'hose capillary blood sugar concentrations were meas- 
ured, and (2) 28 individuals whose venous bloods were taken. The 
capillary bloods were taken chiefly from very young and very old 
persons. 

Table 1. — Mean Blood Sugar Concentrations in a Series of Control Sugar 



Tolerance Tests. 



Hours 
after sugar 
ingestion. 

Blood sugar concentration 
(mg. per 100 cc.) . 

Standard deviation 
(=fc mg. per 100 cc.). 

Vcnotis. 

Capillary. 

Venous. 

Capillary. 

0 . . . . 

74 

98 

84 

139 


103 

146 

248 

201 

1 ... . 

85 

126 

275 

180 

2 . . . . 

75 

102 

155 

182 


The statistical constants of the data for the various determinations 
in the control series are given in Table 1 and in Fig. 2. Again, if 
we set as the limiting hyperglycemic value a blood sugar concen- 
tration equal to the mean value plus 2.5768 X er, ive observed at 
once that in our experimental series there are a number of high 
blood sugar concentrations (Table 5). These are summarized in 
Table 2. 

Table 2.— The Number of “Supernormal" Blood Sugar Values at Various 
Times During the Sugar Tolerance Tests of Diabetic Relatwes. 


No. of 

Total No. of “supernormal” "Supernormal,” 
Time. determinations. values. ' per cent. 

o' 02 5 8.1 

A ... 95 11 11.6 

1 94 7 7.4 

2 91 10 11.0 

Totals 342 34 9.9 


Actually the 34 “supernormal” values were obtained from 
24 indiwduals, some of whom gave abnormally high values more 
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than once. These 24 individuals represent 25.3% of the 95 tested. 
In our control series of 49 persons a “supernormal” value was 
encountered only once (at the 2d hour) and then in a postoperative 
patient. The sugar tolerance tests revealed more “supernormal 
persons than the routine blood sugar determinations. An inspec- 
tion of Table 2, however, reveals that the percentage of “hyper- 
glycemic” values was about the same at 0 hours as at 1 and 
2 hours. This we believe to be deceptive, since the highest values 
were encountered after sugar ingestion (see Table 5). If we dis- 
count the 0 hour determinations, 19 individuals (20%) showed 
“supernormal” blood sugar concentrations after sugar ingestion. 



Fig. 2.— Mean blood sugar values (in mg. per 100 cc. of blood) for venous (open 
circles) and capillary (closed circles) bloods in control groups of normal, healthy 
persons. The vertical lines above and below the mean values are equal to, the 
standard de\-iations of these values (Tables 1 and 4). 


The Results of Blood Sugar Determinations in Various Types of 
Matings. Our assumption that diabetes will develop in persons 
homozygous for a recessive gene (e. g., mm individuals) requires 
that all the offspring of 2 diabetic parents should one day develop 
diabetes (since the matings are mm X mm). We have, therefore, 
taken special pains to collect information on the families of as 
many conjugal diabetics as possible and have found 33 such families 
with a recorded total of 138 offspring. Of the children in these 
families, 20 have had either tolerance tests or routine blood sugar 
examinations. Of these 20, 5 gave hyperglycemic values, but 15 
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gave normal blood sugar values (see Table 3). If our Mendelian 
assumptions are correct this means that neither routine blood sugar 
determinations nor tolerance tests will give a clue to all the potential 
diabetics; nor would we expect such tests to reveal all potential 
diabetics, since it is well known that persons with completely 
normal tolerance curves may, at varying times after the test is 
given, develop diabetes. It is interesting to inquire, however, to 
what extent the discovery of hyperglycemia may be taken to 
indicate genetically diabetic indiidduals. 

We arrange the classifiable matings as follows : (1) Neither parent 
diabetic; (2) one parent diabetic; (3) both parents diabetic. Mat- 
ings (3) must on our Mendelian hjqiothesis be mm X vim. Matings 
(1) and (2) may be taken provisionally as Mm X Mm and Mm X 
mm, respectively, since they produced at least 1 diabetic child; 
but it must be kept in mind that a few of the parents in each group 
who are non-diabetic may be mm, since they have not developed 
diabetes though destined to do so. In Table 3 (see Table 6 for the 
age incidence relations) we summarize the diabetes incidence among 
the children in these various groups of matings, the extent of 
hyperglycemia and the expectation of diabetics on the basis of 
the life tables for potential diabetics presented in our prewous 
paper.^ (Tables 1 and 2.) The expectations for the mm X mm 
matings are immediately applicable to the observations, since we 
have no way of estimating the missing mm parents in the other 
two groups of matings.* As in our previous analysis, Joslin’s 
incidence data call for a relatively high incidence compared to the 
more generalized incidence data based on Massachusetts incidence. 
The observations in the mm X mm matings do not depart sig- 
nificantly from either set of expectations, though again thej'' agree 
more closely with the expectations based on Massachusetts incidence. 

But the most interesting relation established by the data of 
Table 3 is the proportion of hyperglycemic indmduals in the three 
types of matings. In the matings designated Mm X Mm (carrier 
X carrier), 6.8% of the tested non-diabetic offspring were hyper- 
glycemic, in Mm X mm (carrier X diabetic), 17.9%, and in mm X 
mm (diabetic X diabetic), 25%. These percentages are in the 
ratio 1:2.6: 3.7. Now the simple Mendelian probabilities for such 
matings are in the ratio 1:2:4; {e.g., j:|:l), and the ratios of 
presumed unidentified mm individuals are 1:2.2: 3.9 on the basis 
of Joslin’s onset data and 1:2.1; 4.7 on the basis of the Massachu- 
setts tables. If the "hyperglycemic” blood sugar examinations 
indicate merely the random distribution of peculiar individuals, 
then we should expect the percentages of “hyperglycemics” in the 
various matings to be in the ratio 1:1:1. Actually the number of 

* In our pre^^ous analysis,' "we •were able to do this, since the families -n’ere 
successive families appearing for treatment. The families in this scries -were selected 
for examination, particularly the mm X mm group. 
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observations is too small to give any exact significance to these 
ratios;* but the result is suggestive, indicating that these hyper- 
glycemic individuals may be potential diabetics (e. g., mm indi- 
viduals) . A larger series would undoubtedly resolve this possibility. 

If we assume that these hyperglycemic indiwduals do represent 


Table 4. — Summaet of Blood Sugar Coxcentrations in Tolerance Tests on 

A Control Population. 


Hours after suRar ingestion. 


Blood sugar 
(ing. per 100 cc.) 

0 

0 

t 


1 

1 

2 

2 

Venous. 

Capil- 

lary. 

Venous. 

Capil- 

lary. 

Venous. 

Capil- 

lary. 

Venous. 

Capil- 

lary. 

40 to 50 . . 





1 


2 


60 to 70 . . 

15 

2 

4 


12 

. . . 

17 

1 

80 to 90 . . 

12 

3 

8 


8 


4 

7 

100 to 110 . . 


13 

7 

... 

3 

7 

3 

7 

120 to 130 . . 

. . . 

1 

6 

7 

2 

s 

1 

5 

140 to 150 . . 



3 

9 

2 

5 



160 to 170 . . 

. . 

... 


3 


1 



180 to 190 . . 




2 





Totals 

27 

19 

28 

21 

28 

21 

27 

20 


Table 5. — Summary of Blood Sugar Concentrations in Tolerance Tests on 

Relatives of Diabetics. 


Hours after sugar ingestion. 


Blood sugar 
(mg. per 100 cc.). 

0 


\ 

5 

1 

1 

2 

2 

Venous. 



Capil- 

lary. 

Venous. 

Capil- 

lary. 

Venous. 

Capil- 

lary. 

40 to 50 . . 

1 




. 


2 


60 to 70 . . 

11 


3 

. . . 

11 

. . . 

31 


80 to 90 . . 

41 


8 


25 

1 

20 

2 

100 to 110 . . 

7 

1 

24 


17 

— 

16 

1 

120 to 130 . . 

1 


23 

2 

16 

2 

7 

1 

140 to 150 . . 



17 

2 

10 

1 

— 

1 

160 to 170 . . 



7 

4 

4 

4 

1 

1 

180 to 190 . . 



2 

— 

— 


— 


200 to 210 . . 



2 

1 

1 


— 


220 to 230 . . 






1 


— 

1 

240-}- . . . 





It 


It 


Totals 

G1 

1 

1 

so 

9 

86 

8 

84 

7 


* A value of P < 0.05 is obtained on a test for independence. This indicates 
a probably significant difference between the three groups. 

t 320 mg. per 100 cc. . t 350 mg. per 100 cc. 
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future diabetics, then we can determine roughly _ the extent of 
prediction of diabetes that these tests afford. Taking the mm X 
mm cross alone, 25% of the children examined were hyperglycemic; 
then presumably a similar percentage would be revealed among 
the children we did not examine. We would expect to find 25 
additional hyperglycemic indi^nduals, or a total of 30 among 108 
indmduals listed as non-diabetic. If, for the moment, we assume 
that these 30 individual's are “diabetic,” then there is revealed a 
total of 60 diabetics among the 138 offspring, or about 45% in a 
group of potential diabetics whose median age in 35 years. On the 
Massachusetts incidence data this is the percentage we would expect 
to identify as diabetic in a completed population (subject to 1920 
death rates) with a median age of about 53 years (and on Joslin’s 
data at a median age of about 48 years). Thus our blood sugar 
examinations may be taken to have enabled us to foretell by many 
years the future diabetics. We can make no exact calculations of 
the extent of this anticipation, since we would have to employ the 
hazardous procedure of determining the distribution of age at onset 
of diabetes in a population destined to live beyond age 90, and, 
fm’thermore, we would have to make other assumptions about the 
random occurrence of hj^erglycemia which cannot be made until 
the relation of hyperglycemia to the age of tested indi'vdduals is 
established. 

Discussion. Ob'vdous obstacles prevent the collecting of the rather 
large set of data that would permit a completely satisfactorj’- 
statistical resolution of the significance of the presence of hyper- 
glycemic individuals in diabetic families. None the less it is clear 
that an excessive number of high blood sugar values do occur in 
such families when comparison is made with a carefully collected 
control series. We would like to stress here that the blood sugar 
values that we have termed hyperglycemic are not necessarily 
diabetic blood sugar values; they are abnormal on the basis of our 
control series. To establish the limits of diabetic blood sugars we 
should have a series of exact determinations of blood sugar values 
among persons with uncontrolled diabetes; this we do not have, 
and, on a priori grounds, it seems highly doubtful that such a 
series could be satisfactorily assembled. But our investigation 
does indicate that the establishment of a set of “normal” blood 
sugar values require the strict exclusion of near relatives of diabetics. 
Therefore, any calculation of “normal” values based upon data 
not so guarded is open to criticism if it is used to set a limit to nor- 
rnality. Even when careful inquiry reveals no familA^ history of 
diabetes there always exists the possibility that undetected poten- 
tial diabetes is present in certain families. More delicate tests for 
latent diabetes would, of course, obviate much of the purely formal 
difficulties here presented. It is hoped that such tests may be 
available. 
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Summary. Approximately 14% of a group of relatives of dia- 
betics given routine blood sugar examinations and 25% of those 
given sugar tolerance tests had abnormally high blood sugar values 
when comparison is made vdth similar determinations made upon 
control groups of normal healthy persons with no family history 
of diabetes incidence. l^Tien we examine, in various t 3 T)es of 
matings, the incidence of such “hyperglycemic” persons among the 
offspring, the data suggest that such individuals may be taken as 
futme diabetics, v^ce the ratios of them in these matings are 
approximately proportional to the ratios of presumed unidentified 
genetically diabetic indi\dduals called for by the Mendelian hypoth- 
esis advanced to explain the inheritance of diabetes. These tests 
do not, however, reveal all the genetically diabetic individuals. 
It is pointed out that if these tests have any general significance, 
they indicate that the establishment of normal blood sugar values 
requires the strict exclusion of relatives of diabetics from the group 
of normal persons supplying the data. 
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CARBOHYDRATE METABOLISM IN HUMAN HYPOTHYROIDISM 
INDUCED BY TOTAL THYROIDECTOMY.* 

I. The Glucose tolerance Curve and the Fasting Serum 
Sugar Concentration. 
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Investigations concerning the effect of hjqiothyroidism on 
carbohydrate metabolism in man have given rise to varying opinions. 
The fasting blood sugar in non-diabetic patients with hypothyroid- 

* This investigation was aided by a grant from the William W. Wellington Memo- 
rial Research Fund of Harvard University. 
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ism has been found normal^''*-® or low/-® After glucose administra- 
tion in non-diabetic patients with hypothyroidism, some authors 
have found a normal response;^ others have found a subnormal rise 
in blood sugar while still others have concluded that the blood 
sugar rises higher and returns to the fasting level more slowly than 
in normal individuals. 

Because of this disagreement, we have availed ourselves of an 
opportunity to study the effect of h^othyroidism on carbohydrate 
metabolism under controlled conditions: we have measured the 
fasting serum sugar concentration, the blood sugar tolerance 
curve following ingested glucose, and the blood sugar changes 
following insulin injection in a group of non-diabetic patients before 
and after the development of the hypothyroid state, induced by 
total thyroidectomy’^ performed for its therapeutic effect on chronic 
heart disease. ® In addition, these studies have been made on one 
patient who had diabetes and on one who, before operation, had 
mild hyperthyroidism as well as heart disease. In this. note studies 
on the fasting serum sugar concentration and on the blood sugar 
curve following the ingestion of 100 gm. of glucose are reported. 
The second report of this series® deals with the blood sugar changes 
following the subcutaneous administration of insulin before and 
after total thyroidectomy. 

Methods of Investigation. Venous blood samples were utilized in 
the glucose tolerance studies. In 4 of 13 cases in which serum sugar meas- 
urements were made, arterial blood was utilized; in the remaining cases 
venous blood was employed. The serum and whole blood sugar measure- 
ments were made by the method of Folin and Wu,i“ 5% sodium tungstate 
and § normal sulphuric acid were used to precipitate the serum proteins. 
Urine sugar was estimated by the qualitative Benedict method. The 
basal metabolic rates were made in duplicate with a CoUins-Benedict-Roth 
apparatus and calculated according to the Aub-Dubois normal standards.^^ 
Basal metabolic rate measurements were made on the same day or within 
a few days of the time when the blood was drawn for sugar analysis. The 
sugar tolerance test meal consisted of 100 gm. of glucose mixed with the 
juice of a lemon and dissolved in water up to 500 cc. Blood samples were 
collected before and one-half, one, two and tluree hours after ingestion of the 
glucose solution. Urine specimens were collected at each of these intervals 
if the patient was able to void. 

The patients studied were operated on for the relief of long-standing con- 
gestive heart failure or of angina pectoris. The preoperative tests were 
made a few days before operation when the patients with congestive heart 
failure were edema-free and in condition suitable for operation; these 
patients were all edema-free and able to be up and about at the time of the 
postoperative tests. None of the patients with angina pectoris had suffered 
from an attack of anginal pain on the morning of the test. The diets of 
these patients were adequate in carboh 3 ’-drate. 

When tests were made one month or longer after operation clinical evi- 
dences of hyperthyroidism were manifest and the basal metabolic rates 
were usually between -20 and —30%. Some of the patients were 
receiving small doses of thyroid to prevent the development of un- 
toward symptoms of myxedema, in accord with considerations outlined 
elsewliere.*- 
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Results. Fasting Serum S^lgar Concentration. Studies of the 
serum sugar before and at intervals up to 1 year after total thyroidec- 
tomy were made in 13 patients who showed no evidences of diabetes 
or thj’TOtoxicosis before operation (Table 1). Since a mild anemia 
develops in hypothyroidism, serum rather than whole blood was 
utilized for these studies, thus obliterating the effect of change in 
red , cell volume on the sugar concentration. In 9 of the 13 cases 
the fasting serum sugar concentration decreased somewhat when 
hjTpothyroidism developed; at the sixth postoperative month the 
average decrease in these 9 cases was 12 mg. per 100 cc.; in 2 cases 
the serum sugar concentration did not change, and in the remaining 
2 cases increased slightly (Table 1). Measurements in 3 patients 
(Cases 2, 3, and 4) (Table 1) as early as 2 weeks after operation 
revealed a slight decrease both in the fasting serum sugar and in the 
basal metabolic rate. All postoperative serum sugar concentrations 
were within the accepted normal limits. 

Table 1. — Fasting Serum Sugar Concentrations in Human Hypothyroidism 
Following Total Ablation op the Normal Thyroid Gland. 

Serum sugar concentration — mg. per 100 co. 

2 n-ks.- 




Proop. 

Before 

1 mo. 

6 mos. 

9 mos. 

1 yr. 

Case 

Age. 

diagnosis.* 

operation, postop. 

postop. 

postop. 

postop 

1. (E. W.) 

27 

C. H. F. 

91 

75 

73 



2. CW. B.) 

55 

C. H. F. 

93 

87 

79 

• ■ ■ 

89 

3. (C. C.) 

66 

C.H.F. 

90 

71 

76 



4. (A. B.) 

57 

A. P. 

88 

85 

74 



5. (L.B.) 

44 

C.H.F. 

96 


84 

87 

82 

6. (F. C.) 

31 

C. H. F. 

68 


92 

S3 

77 

7. (L. M.) 

53 

C.H.F. 

107 


99 



S. COhD.) 

22 

C. H. F. 

79 


80 

95 

91 

9. (B. Z.) 

45 

C. H. F. 

94 


84 

101 

100 

10. (M. F.) 

48 

A. P. 

92 


92 



11. (E.P.) 

58 

A. P. 

98 


90 



12. (M. W.) 

64 

A. P. 

91 


117 



13. (M. C.) 

57 

A. P. 

129 


118 



Average B. M. R. 

% de^’ia- 






tion from normalt . 

-5 

-17 

-30 

-27 

-20 


* C. H. F. refers to congestive heart failure; A. P. to angina pectoris, 
t Two patients (Nos. 3, 11) were given small doses of thyroid (Armour’s) from 
the end of the first postoperative month, 6 other patients (Nos. 4, 5, 6, 8, 10, 13) 
received small doses of thyroid begmnmg with the 3d to Cth postoperative months. 

Glucose Tolerance. Glucose tolerance tests were made before 
total thyroidectomy in 8 patients who showed no clinical evidence 
of diabetes or hjTierthyroidism, and in the same patients at intervals 
after operation when conclusive clinical and laboratory evidences 
of hypothyroidism were present (Table 2). Thirteen glucose toler- 
ance tests were made in 8 other patients only after total thyroidec- 
tomy (Table 3). In many of our cases the height and duration of 
the hyperglycemia following the ingestion of 100 gm. of glucose 
before operation were greater (Table 2; Fig. 1) than usually obtained 
in young normal individuals.**-''* Since our patients had heart dis- 
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ease and since many were above middle age (Table 2), this high 
normal type of glucose curve might be expected.^'' 


Table 2.— Average Results in Cases in Which Tests Were Made at Post- 
operative Intervals Only. 


No. 

of 

cases. 



> s 

^ b 

Serum sugar values follow- 
ing 100 gm. of glucose by 
mouth, mg. per 100 cc. 

Urine 

1 sugar, 
gm. 


Age 

range. 

Time of 
study. 

S'-g 

o 

Fast- 

ing. 

Time after glucose. 

Thyroid medication. 


! 


3-2 

30 

i min. 

1 

; 60 
min. 

120 

min. 

ISO 

min.! 



7 

22-66 

! 

2-3 mos. 
postop. 

-27 

79 

124 

138 

125 

96 

0 

No thyroid in 6 cases; 
gr. 1 daily in 1 case. 

4 

22-66 

4-6 mos. 
postop. 

-29 

79 

136 

148 

1 

134 

111 

0 

Thyroid, gr. -5- to ^ 
daily in 2 cases. 

2 

22-66 

10-13 mos. 
postop. 

-27 

88 

135 

121 

107 

92 

0 

Thyroid, gr. J daily in 
1 case. 



Hours offer Ingestion of 100 gm. Glucose 

Fig. 1. — Average glucose tolerance curves before and after total thyroidectomy 
in a group of 7 patients, none of whom had evidence of diabetes or thyrotoxicosis 
prior to operation. 


The glucose tolerance curves following total thyroidectomy were 
not strikingly different from those obtained before operation in the 
same subjects (Table 2) ; the only significant change in response to 
the glucose meal which may be attributable to the induced hypo- 
thyroidism was the somewhat low sugar concentration 1 and 2 
hours after glucose, evident in 6 of 7 cases (Table 2 ; Fig. 1). In 
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Case 9 (Table 2) glucose (40 cc. of 50% solution) was administered 
intravenously; in this patient tlie maximum increments in blood 
sugar before and after operation were approximately the same, 
although the postoperative curve returned to the fasting level 
slightly sooner. In the 8 cases in whom glucose tolerance tests 
were made postoperatively onl}^, the curA’^es likewise revealed no 
abnormality. 

Comparison of the glucose tolerance curves before and after total 
thyroidectomy in 1 diabetic patient (Case 9, Table 2), and in 1 
hyperthyroid patient (Case 10, Table 2), both of whom had angina 
pectoris, revealed changes which were more striking than those 
found in the aforementioned group. In Case 9, a patient witli 
frank diabetes controllable by diet, the glucose meal evoked a con- 
siderably lesser degree of hj’pergl 3 -cemia after the development of 
hypothjToidism (Table 2); In Case 10, a patient with mild hj'per- 
thyroidism and a decreased sugar tolerance, the response to ingested 
glucose was distinctlj'- improved after hj'pothjfroidism had been 
induced (Table 2). In these 2 eases, the glj’-cosuria during the 
3 hours following the glucose meal was considerably diminished 
after total tlij'roidectomj^ (Table 2). 

Discussion. The effect of thyroid activity on carboh.ydrate 
metabolism in diabetic patients has been studied extensively. It 
is now well recognized that when hyperthj'roidism develops in the 
course of diabetes, the diabetic condition is aggravated, whereas 
when myxedema develops in the course of diabetes, the diabetic 
condition may be benefited.^®-*® The beneficial efl'ect of lowering 
the basal metabolic rate in diabetic patients with hj-perthj’^roidism 
is striking.^®'^® Wilder and his associates^" have recently reported 
that a lowering of the basal metabolic rate from a normal to a sub- 
normal level by practicallj’^ complete removal of the normal thjToid 
gland in a young diabetic patient was accompanied by an alleviation 
in the diabetic condition. Rudy, Blumgart and Berlin^® have like- 
wise observed a beneficial effect from hj'pothj’-roidism induced by 
total ablation of the normal thyroid gland in a very severe diabetic 
patient. The alleviation of diabetes when hji^othyroidism develops 
may be largely explicable on the basis of the lowered metabolic 
rate.^®’^® 

\\Tiether hji^othyroidisin has an appreciable effect on the carbo- 
hydrate metabolism of noir-diabetic patients has been unsettled, 
as pointed out above. The results of our investigation indicate 
that the development of hj'pothyroidism, following total thiuoidec- 
tomj'-, has little effect on the carbohj'drate tolerance and the fasting 
serum sugar level in those patients who have no evident abnormali- 
ties of thjToid or pancreatic function prior to operation. Although, 
after tlie development of hj^jotlij^idism in this group of patients, 
the fasting serum sugar concentration and the hj-perglycemia 
following glucose were usually slightly lower than preoperatively 
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(Tables 1 and 2), the changes seem too slight to. be considered de- 
finitive in view of the normal intrinsic variability in the blood sugar. 

In the patient with diabetes but no thyroid disease (Case 10, 
Table 2), on the other hand, hypothyroidism induced by total 
thyroidectomy appeared to increase the carbohydrate tolerance 
considerably. This is in accord with the clinical observations that 
when myxedema, spontaneous or induced, develops in the course 
of diabetes, the diabetic condition may be benefited.^^'^'^-,^® Simi- 
larly, in Case 11 (Table 2), a patient with hyperthyroidism and an 
abnormal glucose tolerance curve before operation, the glucose 
curve became more nearly normal when hj^iothyroidism developed. 
It would appear from our results that if the carbohydrate metabolism 
is deranged, the development of hypothyroidism has a beneficial 
eSect, whereas if the carbohydrate metabolism is normal, the devel- 
opment of hypothyroidism has no or very little influence upon it. 
This observation finds a counterpart in the observation of Andersen^® 
that if the glucose tolerance in patients with exophthalmic goiter 
is markedly decreased, subtotal thyroidectomy causes a return 
toward normal, whereas in those hyperthyroid patients who before 
operation have a normal carbohydrate metabolism, subtotal thy- 
roidectomy exerts no definite influence. 

Summary. 1. The fasting serum sugar concentration was found 
normal in non-diabetic patients with hypothyroidism induced by 
total thyroidectomy. The postoperative sugar values tended to 
be slightly lower than those obtained before total thyroidectomy. 

2. The glucose tolerance was normal in non-diabetic patients with 
induced hypothyroidism. The hyperglycemia produced by the glu- 
cose was usually slightly less after total thyroidectomy than pre- 
operatively. 

3. One diabetic patient and one patient with hj^ierthyroidism 
showed abnormal rises in blood sugar following glucose ingestion 
before operation; after hypothyroidism wus induced, both of these 
patients show^ed marked decreases in the degree of hyperglycemia 
following glucose. 

4. Our findings indicate that the carbohydrate metabolism is 
not significantly influenced by hjT^othyroidism induced by total 
thyroidectomy except wdien a derangement of carbohydrate metab- 
olism is evident prior to operation. 
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CARBOHYDEATE METABOLISM IN HUMAN HYPOTHYROIDISM 

INDUCED BY TOTAL ABLATION OF THE THYROID GLAND, 

n. The Blood Sugar Response to Insulin.* 

By Maurice I. Abr.ams, M.D., 

ASSISTANT IN MEDICINE, HARVARD MEDICAL SCHOOL, 

AND 

A 

D. Roueke Gilligan, M.S., 

RESB.\RCH FELLOW IN MEDICINE, HARVARD MEDICAL SCHOOL, 

BOSTON, MASS. 

(From the Medical Research Laboratories of the Beth Israel Hospital, and the 
Department of Medicine, Harvard University Medical School.) 

In the preceding article' we have reported that the fasting serum 
sugar concentrations and the glucose tolerance curves are normal 
in non-diabetic patients with hypothyroidism induced by total 
ablation of the thyroid gland. As compared with the values observed 
before thyroidectomy^ the fasting serum sugar concentration tended 
to be slightly decreased and the glucose tolerance tended to be 
slightly increased after bj^pothyroidism had developed.' 

We have been unable to find any studies in the literature con- 
cerning the influence of hyqiothyroidism upon sensitivity to insulin 
in man; on the other hand, experimentation both in diabetic and 
non-diabetic animals has resulted in the opinions that the sensitivity 
to insulin after removal of the thyroid gland is either increased-^ or 
unchanged.' In this paper we report the blood sugar response of 
non-diabetic patients to the subcutaneous injection of 20 units of 
insulin before and after the development of hypothyroidism induced 
by total ablation of the thyroid gland. It has been possible to 
follow closely the development and extent of the hypoth.yroid state 
by observations of the clinical picture, the basal metabolic rate, 
tiie serum cholesterol concentration and other related measure- 
ments.® 

* This investigation was aided by a gr.ant from the William W. Wellington Memo- 
rial Research Fund of Harvard Universilj'. 
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Methods. The suljjects of this study were patients with. chronic intract- 
able heart disease who, before total thyroidectomy, shoAved no evidences 
of diabetes or hyperthyroidism. Total ablation of the thyroid glands Avas 
performed for its beneficial effect on congestroe heart failure or angina 
pectoris, in accord Avith the considerations of Blumgart and his associates. 
None of the patients Avas particularly malnourished and each of them re- 
ceived a diet adequate in carbohydrate for several weeks before the 
response to insulin Avas studied. The ages varied from 22 to 58 years. 

Total thyroidectomy Avas performed according to the technique of Berlin’’ 
and hypothyroidism developed in every instance. The blood sugar con- 
centration Avas measured by the method of Folin and Wu.® Basal meta- 
bolic rate measurements Avere made the same day or within a feAv days of 
the insulin studies; the measurements were made in duplicate with a 
Collins Benedict-Roth apparatus and calculated according to the Aub- 
DuBois normal standards.® After obtaining a sample of venous blood from 
the patient in the postabsorptive state, 20 units of insulin (Lilly) was 
injected subcutaneously and samples of venous blood were drawn J, 1, IJ, 
and, at times, 2 hours after the injection. In each patient the blood pressure, 
pulse and general appearance Avere watched closely for the development of 
signs of insulm reaction. In several instances the experiment Avas terminated 
after 1^ hours because the patient was distressed. At the termination of 
each test the patient was given 500 cc. of orange or pineapple juice. 

Results and Discussion. The blood sugar response to 20 units of 
insulin injected subcutaneously was measured in 6 subjects before, 
and at intervals after total ablation of the thyroid gland. In 7 
additional patients studies were made only after hypothyroidism 
had deA'^eloped. The blood sugar changes folloAving insulin, together 
Avith the basal metabolic rate A^aliies, are given in Table 1. At the 
time of the earliest post-operative measurements, made from 2 or 3 
Aveeks after operation, the basal metabolic rates had shoAvn char- 
acteristic decreases (Table 1), but the clinical picture of h;>q>otby- 
roidism was not present. When tests Avere performed from one 
month to 1 year after operation, clinical evidences of hypothyroid- 
ism, A^ar 3 dng from mild signs and symptoms to marked mjcxedema, 
Avere manifest, the basal metabolic rates Avere Ioav (Table 1) and the 
serum cholesterol concentrations, measured in several cases, were 
elevated. - 

In the 6 patients studied before and after operation, the post- 
operatiA^e blood sugar response to insulin, regardless of the degree 
of hjqiothyroidism present, was essentially the same as that 
obtained before operation. The aA'-erage maximum decrease in 
blood sugar following the subcutaneous injection of 20 units of 
insulin in these 6 patients before operation Avas 34%; the aimrage 
maximum decrease in these same patients after the dei^elopment of 
h,ypothyroidism Avas likeAvise 34%. The aA^erage basal metabolic 
rate before operation Avas —3% and after operation Avas —22%. 

I he blood sugar response to insulin in the 7 patients studied only 
postoperatiA^ely shoAved no correlation Avith the degree of liAuiothy- 
roidism and Avas similar to that observed both before and after 
operation in the previous group of patients. The average maxi- 
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mum decrease in blood sugar in these 7 patients was also 34%; the 
average basal metabolic rate was —25% (Table 1). 


Table 1. — Httman Tolerance to Insulin in Hypothyroidism, Induced by 

Total Thyroidectomy. 


I 

Case 

No, 

i 

! 

! 

1 

! Age. 

i 

j 

Pre- 

i operative 
diagnosis.* 

■ i 

1 

Time of study. 

B.ip.ol metabolic rate 
(deviation from .average 
norm.al),5i%. 

; Blood sugar changes with 

1 20 units insulin. 

_ _ 

Maximum blood sugar 
decre.ase, %. 

3 C» 

.So 

-?2 

& s 

o G 
. 

fl 

03 C 

! ei" 

Time after insulin. 

d 

ei' 

3 O 

eft 

£ t£i 

oS 

C£3 

00 minutes, 
mg. per 100 cc. 

d 

|2 

3 u 

C 

■gi/ 

oi C 

T~4 

1 

1 

1 

42 

i 

A.P. 

Before op. 

j — 7 

81 

i 

62 


52 

35 


j 


3 wks. post-op. 

-29 

SO 

61 


60 

37 

2 

41 

A.P. 

Before op. 

1 + 8 

85 

56 

54 

60 

40 



1 

3 wks. post^op. 

-15 

83 

54 

54 

, . 

40 

3 

45 j 

C. H. P. i 

Before op. 

- 6 i 

117 

95 

70 

70 

40 




4 wks. post-op. 

-24 

90 

67 

06 


20 

4 

45 

C. H. F. 

Before op. 

1 + 9 

100 

83 

74 


26 




3 wks. post-op. 

-20 

96 

84 

74 

74 

23 




6 wks. post-op. 

-24 

102 

66 

64 

64 

37 

5 

36 

C. H. F. 

Before op. 

-14 i 

75 

61 

, , 

54 

28 




2 wks. post-op. 

-17 i 

78 

62 

65 

54 

31 




5 wks, post-op. 

-21 

75 

66 

54 

69 

28 

6 

58 

C. H. F., 

Before op. 

- 7 

100 

69 

67 


33 



A. P. 

3 wks. post-op. 

-10 

76 

62 


50 

34 

7 

31 

C. H. F. 

8 wks. post-op. 

-11 

75 

55 

57 


24 

8 

22 

C. H. F. 

5 mos. post-op. 

-19t 

80 

71 


50 

37 

9 

18 

C. H. F. 

4 mos. post-op. 

i -36 

85 

80 

08 

60 

23 

10 

46 

A. P. 

4 wks. post-op. 

-20 

91 

80 

65 


28 

11 

52 

A. P. 

2 wks. post-op. 

1 -24 

95 

72 

61 


35 




4 mos. post-op. 

-40 

95 

80 

67 

64 

33 

12 

34 

C. H. F. 

4 wks, post-op. 

i -35 

85 

54 

49 

. . 

42 


] 


3 mos. post-op. 

-31 

91 

S3 

49 

. . 

46 

13 

42 

C. H. F. 

1 yr. post-op. 

1 -16 

1 

95 

54 

51 

• ■ 

40 

14 ! 

51 

A.P.,H., 

Before op. 

-b20 

100 

95 

72 

70 

30 



D. 

2 wks. post-op. 

-IS 

87 

59 

53 

, . 

27 




4 wks. post-op. 

-33 

114 

58 

61 

58 

60 


* A. P. signifies angina pectoris; C. H- F„ congestive heart failure; H., mild hyper- 
thyroidism, and D., mild diabetes. 

t This patient was recei\Tng small doses of thyroid grain daily. Armour’s) to 
obviate untoward symptoms of myxedema. 


The blood sugar response to insulin was also studied before and 
after total ablation of the thyroid gland in 1 patient with mild 
diabetes and mild hjTperthjToidism (Case 14, Table 1). Before 
operation, when the basal metabolic rate was -f20, the maximum 
decrease in blood sugar following the injection of 20 units of insulin, 
was 30%; after operation, when the basal metabolic rate was —33%, 
the maximum decrease was 50%. In view of the range of maximum 
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blood sugar decreases after insulin observed by us in our other 
patients (Table 1) and by others neither -the pre-operative nor 
the post-operative decrease in this patient canbe considered abnormal. 

The lowest blood sugar values obtained after the injection of 20 
units of insulin varied from 49 to 70 mg. per 100 cc. of blood. At 
these concentrations of blood sugar, a*pproximately one-half of the 
patients showed some characteristic signs and symptoms of hyper- 
insulinism. The earliest symptoms usually were weakness and a 
sensation of being “light-headed.” Hunger and thirst were rarely 
found, even though each patient ivas questioned closely concerning 
these sjunptoms. The heart rate and . the blood pressure showed 
no appreciable changes, probably because the amount of insulin 
used was insufficient to induce marked reactions. The patients 
with moderate to marked hjq)othyroidism showed the same signs , 
and symptoms of hyperinsulinism at approximately the same level 
of blood sugar as did the patients before total thyroidectomy, when 
the basal metabolism was normal. 

The average maximum decrease in blood sugar following the 
injection of 20 units of insulin in our patients coincides with the 
average maximum decrease in blood sugar observed by Fletcher 
and Campbelh® following the injection of the same amount of 
insulin in 5 normal individuals. 

The aboA^e observations, showing that the development of hypo- 
thyroidism does not increase sensitivity to insulin in man, differ 
from the results of several investigators who found that insulin 
sensitivity in rabbits was increased many fold after thyroidec- 
tomy.^’^^ Studies in thyroidectomized animals are at times difficult 
to interpret because of the inability to maintain and evaluate the 
degree of hypothyroidism. Total ablation of the thyroid gland 
in human subjects, however, causes persistent hjqiothyroidism^ 
which can be evaluated satisfactorily by basal metabolic rate and ' 
serum cholesterol measurements, and by clinical observations. 

It has been quite definitely established that there is essentially 
no ability to counteract the effect of insulin in adrenalectomized 
and in sjnnpathectomized animals. The finding of a normal 
' blood sugar decrease following insulin in our patients after total thy- 
roidectomy indicates that the response of the sympathetico-adrenal 
sptem to insulin in these patients with hypothyroidism is normal. 
Furthermore, our results indicate that there is no antagonism betiveen 
the internal secretions of the .normal thyroid gland and that of the 
pancreas. The favorable influence of hypothyroidism upon dia- 
betes''5-i7’is would appear, therefore, 'to be related to other factors 
m carbohydrate metabolism. 

Summary. 1 . The sensitivity to insulin has been observed in non- 
diabetic, non-h5T)erthyroid patients before and after the develop- 
ment of hypothyroidism induced by total ablation of the thyroid 
gland. 
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2. In these patients no appreciable difference inis been found in 
the average maximum decrease of blood sugar following the sub- 
cutaneous injection of 20 units of insulin before and after hypo- 
thyroidism developed. The average decrease in blood sugar in all 
studies following the injection of 20 units of insulin was 34%. 

3. Signs and symptoms of mild hjTierinsulinism were manifest 
in patients with hjTiothyroidism at the same level of blood sugar 
as in patients with normal metabolic rates. 

4. Our results indicate that the response of the sympathico- 
adrenal system to insulin is normal in these patients with hj^io- 
thyroidism, and that there is no antagonism between the internal 
secretions of the normal thyroid gland and of the pancreas. 
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MULTIPLE PAEATHYROID TUMORS WITH MASSIVE 
MEDIASTINAL AND SUBCUTANEOUS HEMORRHAGE, 

A CASE Report. 
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RESEARCH FELLOAV IN MEDICINE, HARVARD MEDICAL SCHOOL, 

BOSTON, MASS. 
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Medic.al School.) 

In the past few years parathyroid tumors, with the characteristic 
manifestations that usually accompany tliem, have become a well- 
established clinical entity. Until recently, however, no distinction 
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has been drawn between cases .of single and-inulti^e parathyroid 
enlargement. Albright, Bloomberg, Castleman and Churchilb have 
now shown that the histologic appearance of the two types is quite 
different and have suggested that the two types may be etiologically 
distinct. In the multiple enlargement type the tumor cells are 
uniformly of the large, clear (“wasserhell”) variety; while the histo- 
logic picture of the single tumor case presents a diversity of cell 
types and cell sizes. At present, there is no satisfactory clinical 
method of distinguishing between these two groups. 

Because examples in the literature of multiple parathyroid tumors 
are rare and because of the extremely unusual clinical picture pre- 
sented, it seems of value to report the following case: 


Case Report. A 50-year-oM white, married, male, Lithuanian textile 
worker entered the hospital on October 3, 1933, because of a “sore throat” 
"with progressive swelling of his neck of 4 dnys^ duration. On account of 
language difficulties the history obtained was scanty and unreliable. 

Previous to the present complaint the patient had apparently been well 
except for some progressive weakness during the 5 weeks before admission. 
For a week preceding the onset of his “sore throat” he had been on a heavy 
drinlving spree which was terminated by a short attack of delirium tremens. 

Four days before admission he developed a sore throat without fever, 
accompanied by a diffuse, painless swelling of the neck. As the swelling 
gradually became worse he noticed increasing difficulty in swallowing, as 
well as in breathing and talking. He had a slight cough productive of small 
amounts of yellow sputum. Occasionally there were mild headaches and 
spells of dizziness. 

The day before admission he noticed a large “bruised ” area on the ante- 
rior aspect of the right chest and neck. No history of trauma could be 
obtained. On admission the swelling had extended to his face and he was 
able to take only fluids by mouth, and these with difficulty. 

The family history was irrelevant: The patient had for years drunk an 
excess of alcohol. The past history revealed that he had frequent colds and 
sore throats following his alcoholic sprees. Recently there had been slight 
dyspnea on exertion. . 


The -physical examination revealed a well-developed and rather obese 
middle-aged man who was sitting up in bed acutely ill. He was in moderate 
respiratory distress and was very nervous, complaining frequently of double 
vision. The skin of the face and neck was of an unusual reddish-blue color, 
as if congested. There was slight edema of the face and cyanosis of the lips ; 
the conjunctivas were moderately injected; the tonsils were markedly en- 
larged but there was no exudate. The entire pharynx, soft palate and 
tonsillar region were of a reddish-purple color due to multiple minute hem- 
orrliages and to congestion "with blood. In the retropharyngeal region was 
a marked s^YeUmg which appeared to be due to a large hematoma. 

The ^®^k, especially the anterior aspect, Avas diffusely and markedly'' 
enlarged. Palpation revealed no lymph-node enlargement or masses except 
ffir an indefinite fir^ess in the midline, extending beneath the manubrium. 

1 here was only slight tenderness and slight pitting. No abnormal pulsation, 
110 bruit, nor any evidence of collateral circulation was made out 

Over the anterior aspect of the right chest extending down to the nipple 
was a large ecclijonotic area Avhicli pitted moderately, on pressure (Fig. 1). 
Percussion showed definitely increased retromanubrial dullness, especially 

?to 3 posteriorly over both lung apices, extending 

2 to 3 mches below the scapular spmes. Decreased breath sounds ivith 
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some bronchial breathing were heard over these latter areas but no r^les 
were detected. Tactile fremitus Avas diminished. The remainder of the 
lung was clear. There was no apparent cardiac enlargement. The heart 
sounds were distant but of good quality and there were no murmurs. The 
pulse rate was 84 per nainute and regular. Blood pressure in the right arm 
was 140 mm. Hg sj’^stolic and 96 diastolic, while in the left the systolic was 
160 and the diastoUc 110. Abdominal e.xamination was negative except 
that the liver was palpable for 3 cm. below the costal border. 



Fig. 1. — Appearance of the patient on admission. Note the discoloration of the face, 
■ swelling of the neck, and the large ecchymosis on the chest. 

Lahoraiory Examinations. Red cell count, 4,790,000; hemoglobin, 12.64 
grams per 100 cc. A blood smear showed the red cells to be normal. The 
white count was 11,600 (68% neutrophils, 16% Ijunphocytes and 16% 
monocytes) . The platelets, bleeding time and the clotting time of the blood 
were all found to be normal. 

Four urine specimens and one stool were normal. The sputum contained 
no blood or acid-fast organisms. Roentgen ray examination of the chest 
was interpreted as showing “a rounded tumor mass in the superior medias- 
tinum and rising above the clavicles" (Fig. 2). This picture was thought 
to be consistent -with aneurysm or some other mediastinal tumor. 

The patient’s course in the hospital was one of progressive decline. His 
temperature varied between 97® and 99° F.; respirations betAveen 15 and 
25 per minute. Because of extreme restlessness he Avas given sedatives 
freely. His general condition, however, gradually became AA-orse and his 
breathing became extremely labored. Finally, on the 4th day folloAving 
admission, he developed delirium tremens, his pulse -became thready and he 
died shortlj’- thereafter. 

The clinical diagnosis AA'as mediastinal tumor, Avith hemorrhage into the 
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tumor and subcutaneous tissues. The tumor was thought to be either a 
neoplasm or an aneurysm. Necropsy (performed 10 hours postmortem by 
Dr. Soma Weiss) : Grossly, the body showed only what was noted on Physi- 
cal examination. On making an incision over the thorax, blood was found 
to ooze diffusely from the tissues. All the anterior thoracic muscte and 
the anterior mediastinum around the base of the heart were mnltrated wtli 
blood. The pericardium and heart were normal, except for shght imtral 
thickening. The aorta was soft and elastic, Md was without lesions of any 
kind. The lungs showed slight basal congestion. r j 

On each side of the trachea at the level of the clavicle a nodule was iound. 
The larger one on the right measured 7.0 by 3.5 by 2.1 cm. and weighed 22 
grams. It was ovoid in shape, fluctuant and well encapsulated. On incision 
it was found to be filled with blood which could be seen dissecting the tumor 
tissue through the capsule. From this point,_ blood could be traced to aU 
the subcutaneous and mediastinal hemorrhagic areas. The cut surface of 
the nodule was pale brownish-gray with many hemorrhagic areas of varymg 
size. The tissue was of a very soft consistency. The mass on the left side 
was smaller, weighing 13.6 grams and measuring 2.4 by 3.5 by 2.1 cm- In 
shape and appearance and on section it was exactly similar to the other 
tumor except for the absence of hemorrhage. 

The thyroid was not remarkable. No normal parathyroids were seen 
grossly. The liver (wt. 2200 gm.) was rather soft and friable, and light 
yellow in color on cross section. The intestines, adrenals, kidneys, spleen 
and pancreas were aU essentially normal. 

Anatomical diagnosis: parathyroid adenomata (made from frozen sec- 
tions), hemorrhage into one tumor with suffusion of mediastinal tissues • 
and muscles of the neck and thorax, fatty infiltration of the liver, and slight 
mitral vahmlitis. 

The histologic examination of the heart, pancreas, adrenals and testes 
was essentially negative. The lungs and spleen showed congestion.' In 
many organs were seen occasional chunps of orange-yellow pigment giving 
a positive test for iron. Most of the liver cells were vacuolated and in the 
cytoplasm of a few of the periportal liver cells irregular, red-staining masses 
were visible. 

The_ renal tubules were moderately distended and contained coagulated 
albumin. In the cortex, the tubular epithelium presented swollen, clear 
cytoplasm. Throughout, small patches of sclerosis were also seen. Sec- 
tions of bone from the vertebral bodies, the ilium and the femur failed to 
disclose any abnormality. 

The appearance of the tissue from both parathyroid tumors was essentially 
the same (Fig. 3). Masses of medium-sized cells were found with rather 
clear cytoplasm, small round or oval dark-staining nuclei, and well-defined 
cell margiQs separated by fine connective-tissue trabeculations. For the 
most part, the cells were loosely arranged and frequently occurred in cord- 
ime massK. _ There were areas of hemorrhage and rare small islands of fat 
tissue. Capillary bloodvessels were numerous and occasional clumps of 
orange-yellow pigment were found. There were rare cyst-like spaces filled 
vnth a homogeneous pmk-to-bluish staining material. No mitotic figures 
were detected. The absence of fat in the large clear cells was demonstrated 
by the fact that they did not stain with Scharlach R. In the same ceUs 
Best s rarnme stam revealed smaU droplets of glycogen. The capsule was 
weU defined and partly covered nith an organizing blood clot. In the 
tissues of the neck a smaU parathyroid gland was discovered during the 
microscopic exaimnation. The cells were aU of the same large, clear type 

as those composmg the two tumom. 

The supplementary microscopic diagnoses were hyperplasia of the para- 
thyroids, alcohohc cirrhosis and hemosiderosis of the spleen, liver adrenals 
and bone marrow. > ^ 'ci, auicuais 
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Comment. From a diagnostic standpoint this patient presented 
on admission a most unusual and interesting picture. Clinically, 
the invoWement of the face and neck with diffuse cutaneous hemor- 
rhage and swelling, accompanied by dj'sphagia and dyspnea, seemed 
best explained by assuming the presence of^both a large infiltrating 
hemorrhage and a superior mediastinal obstruction. Roentgen ray 
and ph,ysical examination suggested the presence of a superior 
mediastinal mass which was obviouslj’^ causing the obstruction and 
was probably the source of the hemorrhage. The true nature of the 
tumor was not recognized even at autopsy until frozen sections had 
been examined. It should be mentioned in passing that a somewhat 
similar appearance of the head and neck is seen in two conditions 
besides an actual hemorrhage, namely, so-called “traumatic cyano- 
sis,”-’® and rupture of a mediastinal aortic aneurysm into the supe- 
rior vena cava.'* 

ISIassive subcutaneous and interstitial hemorrhage from a para- 
thju-oid tumor such as occurred in this case has not been previously 
reported in the literature. Petechial hemorrhages into the para- 
thyroid glands are occasionally seen in infants with tetany,®-® but 
in such cases the bleeding occurs under quite different circumstances 
from that of the patient under discussion, and so is not comparable. 

Histologically both tumors were almost identical with those 
reported by Albright and his coworkers.^ It should be noted that 
the normal-sized parathyroid gland, recognized only on microscopic 
examination of the tissues of the neck, was found to have a histo- 
logic appearance similar to that of the tumors themselves. As no 
other paratliyroids were discovered in spite of a careful search, it 
must be concluded that all of this patient^s parathyroid tissue was 
in the same abnormal state. 

In the absence of chemical blood studies no definite conclusions 
can be drawn in regard to the state of the calcium and phosphorus 
metabolism. Postmortem Roentgen rays of the entire skeleton, 
however, as well as histologic examination of several bones, revealed 
no decalcification or cysts. The postmortem bladder urine con- 
tained 3.18 mg. per 100 cc. of calcium and 0.506 mg. per 100 cc. of 
phosphorus, =*= and had a specific gravity of 1.030. Although these 
figures are essentially normal, the urine was obtained under 
such uncontrolled conditions that the results are only moderately 
significant. Thus in this case we have no evidence of hyperfunction 
of the parathyroids; but because it has been shown that even with 
normal kidneys bone changes are not necessarily present, it is impos- 
sible to state that in this case there was no hj'perparathyroidism. 

Summary. A case is reported of multiple parathyroid tumors 
with massive mediastinal and subcutaneous hemorrhage arising 
spontaneously from one— a complication not previously recorded. 
The patient had no symptoms or signs of hj’perparathyroidism but 

* Analyses kindly performed by Dr. F. Albright. 




Fig. 2.-Roentgenogram of the thorax. Note the bilateral superior mediastinal 

masses. 
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no calcium or phosphorus determinations on the blood were made. 
His complaints were entirely related to the hemorrhage. All the 
parathyroid tissue examined proved to be histologically identical 
with that of the cases of multiple parathyroid tumor recently re- 
ported by Albright and his coworkers. 
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THE CAUSES OF COMA IN PATIENTS ENTERING A GENERAL 

HOSPITAL.* 

By Philip Solomon, M.D., 

AKD 

Charles D. Aring, M.D., 

BOSTON, JtABS. 

(From the Neurological Unit, Boston City Hospital, and the Department of 
Neuropathology, Harvard Medical School.) 


The great frequency with which patients are brought to a general 
hospital in coma is not fully appreciated. There were 37,438 
entries in this hospital in the year 1933. (These do not include 
entries to the South Department for contagious diseases.) Of 
these, 1167, approximately 3%, entered in coma. These figures 
are startling and obviously do not apply to all hospitals, for city 
hospitals doubtless receive a higher proportion of patients in coma 
than do other hospitals. The present paper is concerned with the 
relative frequency of the various causes of coma as a presenting 
sign as an aid to accurate diagnosis and immediate treatment. 
The records of all patients who entered this hospital in 1933 were 
examined! and those in which coma was mentioned as a presenting 
sign were analyzed. Many of these patients, including all with a 
doubtful diagnosis, were personally seen by one or the other of 
the authors in their capacity as neurologic consultant. 


*_The authors vash to espress their appreciation of Dr. Stanley Cobb’s invaluable 
adwce and assistance in the course of this work 

to depress our indebtedness to Mai^ S. Aring for her diligence in carry- 
ing out tnis part of the work. 
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Among the various causes of coma there are some which require 
emergencjr treatment to save life, for example, diabetes, hyper- 
insulinism, poisoning, traumatic shock, exsanguination, subdural 
hematoma, brain tumor, meningitis and eclampsia. The impor- 
tance of immediate diagnosis when the coma is of unknown origin 
is evident. Making diagnosis more difficult is the fact that patients 
in coma frequently enter the hospital without a history (68% of 
the authors’ 1167 cases). 

A knowledge of the more common causes of coma as a presenting 
sign, and the relative frequency of these causes, would obviously 
be helpful in making the diagnosis. The literature contains very 
little statistical data of this sort. Camauer^ published an analysis 
of 26 cases, of which 8 proved to be cerebral hemorrhage, 5 uremia, 
3 trauma, 2 eclampsia, 2 cardiac insufficiency, 1 endarteritis obliter- 
ans luetica, 1 cerebral neoplasm, 1 thrombosis, 3 unlcnown causes. 
Bissell and Le Count- analj'^zed the cause of death in 400 cases of 
patients who died in coma, and Holcomb^ continued this analysis 
with 346 more cases. Because only 22.5% of the 1167 cases of our 
series ended fatally, and because many cases develop coma in the 
hospital as a terminal state, Bissell and Le Count’s and Holcomb’s 
statistics are not applicable to the problem of coma as a presenting 
sign. The textbooks are of little assistance. They mention many 
causes of coma and discuss at length some that are rare, while others 
that are more common they do not include at all. They do not 
attempt to give any idea of the relative frequency of the various 
causes. 


Table 1. — Causes op Coma as a Presenting Sign and Their Mortalitv. 



Number 

Per cent 
total 

Per cent 
nou-aleobolic 

Cases of 
group 
ending 

Per cent 
of group 
ending 

Oisensc. 

of oases. 

coni.as. 

comas. 

fatally. 

fatally. 

Alcohol 

C90 

59.1 


14 

2.0 

Trauma 

152 

13.0 

.32.0' 

48 

31.5 

Cerebral vascul.ar lesions . 

IIS 

10.1 

24.7 

91 

77.1 

Poisoning 

33 

2.8 

7.0 

3 

9.0 ' 

Epilepsy 

28 

3.4 

0.0 

0 

0.0 

Diabetes 

20 

1.7 

4.2 . 

11 

55.0 

Meningitis 

20 

1.7 

4.2 

20 

100.0 

Pneumonia . . . . 

20 

1.7 

4.2 

IS 

90.0 

Cardiac decompensation . 

17 

1.4 

3.5 

12 

70.0 

Exsanguination 

10. 

0.9 

2.1 

10 

100.0 

Central nervous system 

syphilis 

Uremia 

7 

7 

0.0 

0.6 

1.4 

1.4 

0 

7 

0 

100.0 

Eclampsia 

7 

0.0 

1.4 

3 

42. S 

Miscellaneous . . . . 

3S 

3.2 

S.O 

20 

OS. 4 

Total 

1107 

100.0 

100.0 

203 

22.5% 


The 1167 cases discussed lielow represent unselected serial cases 
entering the hospital with coma as a presenting sign. Table 1 
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gives the various causes of coma in these cases. Fig. 1 illustrates 

the relative fi’equency of these causes. . 

Ahoholmn (690 cases, 59.1% of total cases of coma; mortality 
in this group, 2%). The proportion of alcohoho,s entering the 
Boston City Hospital is undoubtedly greater than the proportion 
entering the average hospital, because drunks’’ from all parts of 
the citj'’ are brought here. Most of the records of alcoholic patients 
are inadequate. ' The data gathered on alcoholic coma are, there- 
fore, subject to error. There were 2079 admissions for alcoholism 
in the year 1933 (6% of the total admissions). The records of 
690 of these (33%) mentioned coma as a presenting sign. Many 
of these comatose alcoholics also had injuries. There were minor 
head injuries in SO; minor injuries elsewhere on the body in 16 


fticchol 

Trauma 

Cerebrovascular 

Poisenrn^ 

Epilepsy 

Diabetes 

MervriCjit'iS 

Pneumonia 

Cardiac 

Exsarujumation 

C.M6, lues 

Uremia 

Eclampsia 

Miscellaneous 


Pcreoiiofc 



Fig. 1. — Causes of coma on admission to the hospital, 1167 cases. 


In tliese eases conia was listed as being of alcoholic origin, although 
it is possible that injury played some part in its causation. Where 
alcoholism was associated with severe head injury, such as a frac- 
tured skull, contused or lacerated brain, or extradural or subdural 
liemorrliage, the coma is listed under head injuries and alcohol is 
considered as a secondarj’" factor. Alcohol was a secondary factor 
in 26 cases of severe head injury and in 6 cases with other causes 
of coma; 62% of all the coma cases had alcoholism as either a pri- 
mary or a secondary factor. 

'i ramna {\h2 cases, 13% of total cases of coma; mortality' in this 
group 31.5%) Among the traumatic comas, injuries to the head 
were by far tlie most common cause (Table 2). In a few cases, 
injuries to the che.st, pelvis or spinal cord produced coma. Among 
the head injuries there was a relatively high proportion of subdural 
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and extradural hemorrhages. The other head injuries have been 
classified according to the extent of injury to the brain (Munro'*) 
as judged by the period of unconsciousness, the character of 
the spinal fluid, other physical findings, such as bleeding from the 
ear, the subsequent course in the hospital and in some cases by 
postmortem findings. The high proportion of severe brain injuries 
and of skull fractures is understandable, since the cases here con- 
sidered are head injuries that enter the hospital in coma. 


Table 2.— Coma Due to Trauma. 


Type. 

Number 
of cases. 

Per cent of 
total bead 
injuries. 

Cases vith 
fractured 
skull. 

Per cent 
■with 

fractured 

skull. 

Concussion. .... 

. 17 

12 

0 

0 

Edema of brain . 

. 20 

15 

3 

15 

Contusion of brain . 

. 38 

28 

9 

24 

Lacerated brain . 

. 47 

34 

41 

87 

Subdural hemorrhage 

. 12 

S 

4 

S3 

Extradural hemorrhage 

3 

3 

2 

67 

Total head injuries 

. 137 

100 

59 

43 


Chest injury 7 

Pelvis injury 4 

Spinal cord injury .... 4 


Total 152 


Table 3. — Coma Due to Cerebral Vascular Lesions. 


Tj-pe. 

Number 
of cases. 

Per cent of 
cerebral vascular 
lesions. 

Hemorrhage 

. 49 

42 

Thrombosis 

29 

25 

Hypertensive and arteriosclerotic encephalopathy 

10 

S 

Embolus 

5 

4 

Primary subarachnoid hemorrhage .... 

4 

3 

Undetermined 

21 

18 

Total 

. 118 

100 


Cerebral mscular lesioiis (118 cases, 10.1% of total coma cases; 
mortality in this group, 77.1%). After alcoholism and trauma, 
cerebral -vascular lesions are by far the most common cause of 
coma as a presenting sign (24.7% of the non-alcoholic group). In 
analyzing the types of cerebral vascular lesions (Table 3), we find 
that cerebral hemorrhage is most common. We have not accepted 
this diagnosis unless the history and physical findings were corrobo- 
rated either by autopsy evidence or the presence of gross blood in 
the spinal fluid. There is reason to suppose (Merritt and Aring®) 
that in cerebral vascular lesions with or without coma, cerebral 
thrombosis is more common than cerebral hemorrhage. The pres- 
ence of coma as a presenting sign favors the diagnosis of hemorrhage 
as against thrombosis, while the absence of coma is in favor of 
thrombosis. There were 4 cases of cerebral emboli, and 4 of pri- 
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mary subaraclinoid hemorrhage. In 21 of our cases where the 
diagnosis of cerebral vascular injury was quite clear because of the 
history and physical findings, there was not suflficient evidence to 
determine the type of injury. In 10 cases the diagnosis of en- 
cephalopathy on the basis of hypertension, arteriosclerosis, or both, 
was made clinically. The so-called cerebral vascular spasms 
would fall into this group. 

Poisoning (33 cases, 2.8% of total cases of coma; mortality in 
this group, 9%). Acute poisoning (non-alcoholic) was the fourth 
most common cause of coma in this series. Of 33 cases, 16 were 
caused by barbital or its derivatives, 12 by carbon monoxid, 1 each 
by bromid, permanganate, nitrobenzin, lysol and sodium nitrate. 
The patient who took lysol died, as did also the patient who took 
nitrobenzin and one who took barbital. 

Epilepsy (28 cases, 2.4% of total cases of coma; mortality, 0). 
This number of patients entering the hospital in coma following an 
epileptic seizure is probably not unusual for a city hospital. Of the 
28 cases recorded here, 2 represent the same patient on different 
entries. Several of the others had been admitted in the same 
condition in previous years. 

Diabetes (20 cases, 1.7% of total cases of coma; mortality in this 
group, 55%). Diabetic coma is not yet rare. Of the 20 cases in 
our series, 3 represent the same patient on different admissions. 
All but 7 of these cases were known diabetics, in whom the coma was 
precipitated by infections or indiscretions in diet. There were 3 
with acute upper respiratory infection, 3 with bronchopneumonia, 
2 with abscesses, 2 with gangrene of the foot, 1 with an infected 
bedsore and 2 had overstepped dietary limitations. Of the remain- 
ing 7 cases, 1 had an acute suppurative parotitis; the others were 
uncomplicated. 

Meningitis (20 cases, 1.7% of total cases of coma; mortality in 
this group, 100%). It is not generally realized that meningitis is 
as common a cause of coma as diabetes among hospital entrants. 
Of the cases reported here, the organism was the pneumococcus in 9, 
tlie tubercle bacillus in 4, the meningocoecus in 2, the streptococcus 
in 2, the staphylococcus in 1 and the organism was not identified 
in 2. 

Pneumonia (20 cases, 1.7% of total cases of coma; mortality in 
this group, 90%). Pneumonia is not mentioned in the textbooks 
as one of the diagnoses to be considered in cases in which coma is a 
presenting sign. Yet pneumonia is 3 times as common as uremia 
in our series. Of our 20 cases, 13 were bronchopneumonia and 7 
were lobar pneumonia. Ten of the 18 fatal cases died within 
24 hours after admission. 

Cardiac decornpemation (17 cases, 1.4% of total cases of coma: 
mortality in this group, 70.6%). There were 17 patients of the 
total group studied who entered the hospital in coma because of 
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cardiac decompensation. This cause of coma is also little appre- 
ciated. As in the pneumonia comas, many of these patients were 
moribund; 8 of the 12 fatal cases died within 24 hours after admis- 
sion. Coronaiy thrombosis was the cause of the attack in 5 cases, 
2 had rheumatic, 1 hj^iertensive and 9 arteriosclerotic heart disease. 

Exsanguination (10 cases, 0.9% of total cases of coma; mortality 
in this group, 100%). In 4 of these cases the bleeding was due to 
injury, the hemorrhage being external in 2 and internal in 2. Of 
the remaining 6 cases, in 2 the bleeding was due to rupture of an 
esophageal varix in conjunction with cirrhosis of the liver, in 2 to 
carcinomatous erosion in the gastro-intestinal tract, in 1 to the 
rupture of an aortic aneurj’^sm, and in 1 to a tuberculous hemoptysis. 

Central Nervous System Syphilis (7 cases, 0.6% of total cases of 
coma; mortality, 0). In the cases of coma due to sj'philis of the 
central nervous system, all had had repeated attacks of uncon- 
sciousness, usually with comoilsions. In 3 there was evidence of 
parenchymatous involvement, and the diagnosis of dementia 
paraljdica was made. 

Uremia (7 cases, 0.6% of total cases of coma; mortality in this 
group, 100%). The relatively few cases of uremia in our series 
surprised us. INIany more patients develop uremic coma terminally 
while on the wards. It would seem that kidney insufficiency in most 
instances is gradual enough in onset and produces enough sjnnptoms 
to bring the patient to the hospital before coma supervenes. 

Eclampsia (7 cases, 0.6% of total cases of coma; mortality in this 
group, 42.8%). In 6 of these cases there had been convulsions 
before entry. In the seventh there had been severe intractable 
vomiting and toxic hepatitis was found at autopsy. 

Miscellaneous (38 cases, 3.2% of total cases of coma; mortality 
in this group, 68.4%). There are many miscellaneous causes of 
coma. In our series these were: Erysipelas, 4; burns, 4; encephali- 
tis, 3; brain tumor, 3; miliary tuberculosis, 2; carcinomatosis, 2; 
and 1 each of lyTioglycemic shock (insulin), Stokes-Adams’ disease, 
immersion, s^mcope, Simmonds’ disease, Friedreich’s ataxia, rup- 
ture of membranous urethra, pernicious anemia, hysteria, ruptured 
ectopic pregnancy, leukemia, cholemia, strangulated hernia, sep- 
ticemia and empyema. In 5 cases a diagnosis could not be made. 
In many of these the coma was doubtless terminal. The rarity of 
cholemia, Stokes-Adams’ disease, syncope and hysteria as causes 
of admission coma is noteworthy. 

The 3 cases listed as encephalitis include 1 in which the symptoms 
followed shortly after an injection of vaccine, tj^ie unknown. In 
this case paralysis of all extremities and high fever soon led to coma 
and death. The second encephalitis case had its onset 7 years 
before, following measles. The patient had frequent attacks of 
coma following this, and was admitted in one such attack. The 
third was a boy, aged 14, who had had an upper respiratory infec- 
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tion for 2 weeks and entered after several convulsions. He re- 
mained mentally cloudy for 2 weeks, had high fever, diplopia and 
unequal pupils, but finally recovered. The patient with Simmonds' 
disease lapsed into coma in which he remained for 3 days, and then 
recovered. The patient with Friedreich’s ataxia had an unexplained 
coma from which she also recovered. The patient with the rup- 
tured membranous urethra had apparently incurred his injury 
10 days previously when sounds were passed to dilate his urethral 
stricture. He entered with massive urinary extravasation and 
gangrene of the periurethral tissue and abdominal wall. 

Summary. The records of 37,438 patients who entered the 
Boston City Hospital in 1933 were examined, and it was found that 
1167 patients entered in coma. These cases were analyzed and 
the diagnoses eventually arrived at are tabulated and discussed. 
Of these 1167 cases, alcohol was responsible in 59.1%; trauma, in 
13%; and cerebral vascular lesions in 10.1%. The last two made 
up more than one-half of the non-alcoholic comas. Other causes, 
each forming 3% or less of the total, in order of numerical impor- 
tance were: poisoning, epilepsy, diabetes, meningitis, pneumonia, 
cardiac decompensation, exsanguination, sjqihilis of the central 
nervous system, uremia and eclampsia. 
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SPONTANEOUS HEMOPHILIA. 

Report of Six Cases in Brothers. 

By Robert Boggs, M.D., 

RESEARCH FELLOW IN StJRQERT, HARVARD MEDICAL SCHOOL, 

BOSTON, MASS. 

(From the Pathological Institute, McGill University, Montreal, Prof. Horst Oertel, 

Director.) 

Hemophilia is now generally regarded as an hereditary consti- 
ution, sex-linked and recessive. The factor for its inheritance is 
lought to be carried on one of the sex chromosomes, there being 
such chromosomes in the human female and 1 in the male. In the 
male, m place of 1 X chromosome we are thought to have an altered 
c iromosoine, usually called Y. If hemophilia is a recessive char- 
acter, tJie descent of the factor can be represented thus: 


Parent . 
Offspring 


Female. 

XX 

XX 


XX 


Male, 
XY 
X Y 


X Y 
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From this it is seen that the affected X chromosome passes to 50% 
of male and female offspring; but in the female its effect is appar- 
ently offset bj'' the presence of a normal X chromosome, and she 
thus escapes the symptoms of the disease. The daughters of hemo- 
philic males are carriers, but the sons are not affected. From this 
it follows that the immediate inheritance of all hemophilic males 
must be from the mother. Theoretically, as a result of crossing 
a female carrier with a bleeder, one-half of the male offspring should 
be bleeders. The females of such parents should be half carriers 
and half hemophilic females. As no authentic case of hemophilia 
in a woman has been described, it has been suggested that such 
a combination may be incompatible with life. This is not the 
case, however, in the analogous hereditary condition of color 
blindness. 

Hemophilia occasionally does appear with no known ancestral 
bleeders. It is tlien referred to as sporadic or spontaneous hemo- 
philia. The origin of these cases has been the subject of much 
speculation. Actually, the explanation of these spontaneous hemo- 
philias resolves itself to 3 definite possibilities; (1) That these 
cases arise de novo, and that the laws of transmission remain the 
same as in the usual tj^ie of this disease. This conception assumes 
sudden hereditary change which breeds true (often miscalled muta- 
tion). (2) Long inheritance through the females with the males, 
not showing hemophilia to the extent expected by the law of aver- 
ages. This implies inherited constitutions coming from remote 
individuals far beyond the reach of the investigator, and that by 
chance alone the recognized males of such families have failed to 
receive the hereditary materials which cause the increased suscep- 
tibility to bleeding. This is in agreement with Bullock and Fildes^ 
(1911), who pointed out that skipping of generations probably does 
not occur, and designated such males as did occur in these families 
"as unaffected males.” They further stated that they did not 
believe that the disease could arise de novo. (3) There is the error 
in the study of the genealogic tree, due to illegitimacy. The 
difficulties of investigation along this line are obviously almost 
insurmountable. It may be done by studj'^ of the blood groups. 
However, even in the rare instances where both maternal grand- 
parents are available, in only about 50% of the cases would it be 
possible to demonstrate an existing error in the paternity of the 
mother. 

The earliest report of cases of what was apparently genuine 
spontaneous hemophilia (blood studies were not introduced until 
1901) was by Stoehri^ (1850), in which he reported 3 cases of bleeding 
with no other bleeder males in 3 preHous generations. 

For similar cases see Table 1, in addition to which there were 

* Professor Oertel, in his Outlines of Pathology, points out that the original mean- 
ing of the word was gradual and directional, rather than sudden change. 
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Table I.-Repoetbd Cases of Spontaneous Hemophilia. ■ 




No. 0 ^ 

Author. 

Date. 

bleedere. 

Stoelir’^ 

1850 

3 

Grandidier’ 

1855 

5 

Barlow^ 

1876 

2 

Hansen,® a 

1886 

4 

Hansen,® b . . 

1886 

5 

Ripke'* .... 

1889 

1 

KRinicutt® . 

. 1905 

1 

Albers' 

. 1906 

1 

Weil'® . . . ■ 

. 1908 

1 

Thompson" 

. 1911 

5 

Gettings® 

. 1911 

5 

Arrigoni' . 

. 1932 

1 

Laclette*" . 

. 1932 

1 

Eonio® .... 

. 1933 

2 


No. of 

generations 

without 

bleeders. 

3 

3 

2 

2 

2 

3 

4 
3 

3 

4 
3 
3 
? 

2 


Remarks. 


Extensive study of 
all collaterals. 


It is in the examples where several children of a family apparentlj'’ 
spontaneously develop the disease that particular interest lies, for 
in them it seems quite certain that the disease does not arise de novo, 
but that they must have inherited the disease from the recessive 
mother. Such an example is the subject of this report: 

Family Record. In the family observed by the author for the past 
3 years, there were 7 boys and 1 girl. The girl and 1 of the boys were 
normal; the other 6 boys suffered repeated hemorrhages folloiving slight 
trauma. The. bleeding on most occasions continued until they became 
practically exsanguinated and then stopped spontaneously. All have had 
hemarthroses of the knee joints following slight trauma. They appeared 
as normal children in periods between attacks. In all, the tendency to 
bleed appeared shortly after birth and has gradually lessened as they 
became older. Two of the boys affected died in infancy, 1 was killed in 
an accident and the other died of rheumatic heart disease. Blood studies 
were done on the youngest and oldest. The other children were not 
available. 

The oldest son, aged 22, when seen 3 years ago, was bleeding from the 
the urethra following violent exertion. The bleeding finally stopped spon- 
taneously. He was again seen, in 1932, and came to the hospital* with a 
large cut on one of his fingers which seeped constantly. With a tourniquet 
in place, the wound was closed and a thick layer of collodion applied. 
These measures sufficed to stop the hemorrhage. During this visit a 
blood study was done. His coagulation time was increased (|- to 1 hour) 
the clot retracting normally. The bleeding time was normal (Duke)’ 
platelets were normal (200,000-i- per c.mm.) 

The youngest brother, aged 4 years, was in the hospital, f in 1931, at 
which time, a large abscess was opened over the right inferior margin 
ot the mandible. Transfusions were necessary both before and after 
studies then, and on many subsequent occasions, 
shoved liK coagulation tune to be markedly prolonged (1 to 24 hours') 
the clot retracting. The bleeding time (Duke) was normal. The platelets 

Outdoor Department, St. Luke’s Hospital, Montreal, 
t Homccopathic Hospital, Arontreal, Service of Dr. J. T, Novinger. 
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Avere consistently above 250,000. Despite the fact that the other brothers 
could not be examined, it is highly improbable that they suffered from 
any form of hemorrhagic diathesis such as essential thrombocytopenia, for 
that disease is not clearly familial. 

The family history Avas taken from several members on separate occasions 
and their stories checked perfectly so that it is fairly dependable. The 
father’s family history is irrelevant. The mother’s family Avas knoAAm in 
its entirety through the 4th generation and, in addition, 2 members of 
the 5th. It AA^as possible to get the names and a short history of each 
member of the family (see chart), since the family had resided in tlie same 
rural community for 5 generations. There AA'as not the least tendency to 
bleed in any of the individuals shoAvm in Avhite on the chart. Most of tliem 
lived to adA^anced old age. There Avere potential bleeders (unaffected 



normolmalc □ 
normal femolt O 
tieedcr ■ 

deceased t 

I F«va 

zauiduiUI 

Chart I. — Family tree of hemophilic brothers. 


males) in each stem of the family, if their respective mothers Avere carriers; 
The only female Avho Avas in the direct line of descent and did not have at 
least 5 sons Avas the great-great-grandmother of the patients, Avho had onlj'- 
1 son. If Ave assume that the disease in this case did folloAv the Mendelian 
line of descent, then this AA^oman must either have been a carrier or her 
husband aaas a bleeder. The history of the latter Ayas not available. An 
incidental finding AA'as that the grandparents of the patients Avere first 
cousins, but this could not alter the hereditarj'^ process in this disease. 

It is barely possible that if this family and the other cases AAdiich 
haAm been reported could be traced to antiquity, an antecedent 
bleeder might be found. The occurrence, hoAve\mr, of such a large 
number of unaffected males Avould be truly remarkable, since 
theoretically 50% of the males in the direct female line should have 
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received the hereditary characters which make up the hemophilic 
constitution. In fact, the number is here so great that one would 
hesitate to attribute it to an extraordinary run of negatives under 
the laws of chance. We are inclined, therefore, to dismiss the 
possibility of hemophilia being concealed in this family for several 
generations and look for an explanation in one of the other two pos- 
sibilities, namely, true spontaneous origin or illegitimacy. Between 
these it is impossible to draw positive conclusions. There seems to 
be no doubt that, with so many members of the family afflicted, 
we must look to the mother for our explanation. Either she is an 
example of the disease arising spontaneously in the female or she 
is illegitimate. Unfortunately, both of her parents are dead, so 
the possibility of investigating this point by the inlieritance of 
the blood groups could not be undertaken. 

Conclusions. 'An example of apparent spontaneous hemophilia 
in 6 brothers is reported. The large family tree on the mother’s 
side practically precludes the possibility of concealed inheritance. 


The author wishes to express his obligations to Prof. T. R, “Waugh, in charge of 
the Department of Hematology in the McGill Pathological Institute, for the oppor- 
tunity to study these cases, and for his many valuable suggestions. 
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A FAMILIAL HEMORRHAGIC CONDITION SIMULATING 
HEMOPHILIA AND PURPURA HEMORRHAGICA. 

By Jason E. Farber, M.D., 

SENIOR RESIDENT, BUFFALO CITY HOSPITAL, BUFFALO, N. T. 

(From the Buffalo City Hospital and the School of iMedicine, University of Buffalo. 

. Recent literature has described certain hemorrhagic diathese 
classified with recognized types of such disorders 
‘ ‘ n described one such entity under the name “hereditar’' 
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hemorrhagic thrombasthenia.” Eight families were afflicted mth 
severe epistaxis and ecchymoses. Both sexes were involved and 
transmission was usually by the females. Blood studies were normal 
except for an occasional slightly prolonged bleeding time with an 
associated delaj”^ in clot retraction. Minot® reported 6 cases of this 
kind associated with an intermittent prolongation of the bleeding 
time. The symptoms were multiple ecchymoses and recmrent 
epistaxis. Cases somewhat similar have been reported by Buckman/ 
Rothman and Nixon/ and others.®-®-'^-® Little has been learned 
about the pathogenesis. 

This communication presents an heretofore unrecorded family • 
of similar “bleeders.” These conditions are to be differentiated 
from hemophilia and purpma hemorrhagica (thrombopenic pur- 
pura, Table 1). 


Table 1. — Differektial Diagnosis of Hereditary Hemorrhagic Conditions. 



Sex in- 
volved. 

Trans- 

mission 

through. 

Site of 
bleeding. 

Coagu- 

lation 

time. 

Bleeding 

time. 

Tour- 

niquet 

test. 

Clot 

retrac- 

tion. 

Platelet 

count. 

Platelet 

resist- 

ance. 

Hemophilia | 

j 

Male 

Female 

Joints, eldn 
and mucous 
membranes 

Pro- 

longed 

Normal 

Nega- 

tive 

'Normal 

Normal 

or 

increased 

In- 

creased 

Thrombopenic pur- 
pura (purpura 
hemonhapca) 

Male 

and 

female 

Male 

and 

female 

Skin and 

1 mucous 
membranes 

Normal 

Prolonged 

1 

Posi- 

tive 

Delayed 

B 


Thxombastheuic 

purpma 

Male 

and 

female 



Normal 

Prolonged 

Posi- 

tive 

Delayed 

Normal 

1 

1 De- 
creased 


Male 

and 

female 

Male 

and 

female 

Mucous 

membranes 

1 and elan 


Normal 

Nega- 

tive 


Normal 

Normal 

Reported condition ' 

Male 

and 

female 

Male 

and 

female 

; Skin and 

1 mucous 
^ membranes 

i 

1 Normal 

! 

Intermit- 

tently 

prolonged 

Nega- 

tive 

Occa- 

sionally 

slightly 

delayed 

Normal 

Normal 


Eesults of Present Study. This condition has affected at least 
14 males and 11 females during 5 generations, comprising more than 
100 members. The genealogic tree of the family (Chart I) shows 
the occurrence of the bleeding tendency in the successive genera- 
tions. The males have been more markedly affected, and have 
often been considered hemophiliacs. Their bleeding experiences 
haA’^e been varied, including those following operations such as 
tonsillectomies, tooth extractions and circumcision, and those asso- 
ciated with slight trauma. Other manifestations have included 
epistaxis and numerous ecchymoses or purpuric spots, both spon- 
taneous and traumatic, in some instances covering large areas of 
the body. The females have characteristically suffered with men- 
orrhagia, multiple traumatic ecchymoses and in some cases epistaxis. 

The disturbance is usually observed at about puberty in the 
females and somewhat earlier in the males. It is generally more 
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severe when the individual is younger and seems to lessen in severity 
as age increases. The affliction, however, varies in degree of sever- 
ity, some members being involved much less than others. Many 
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Chart 1.— Genealogio tree of reported family. 

hemorrhages until almost exsanguinated 
airectlj to the bleeding can be ascribed in only 4 cases, “ffigh 
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blood pressure” is known to "run in the family” and cerebral vas- 
cular accidents have been a common cause of death in several of 
the "bleeders.” 

Both males and females are transmitters. The female apparently 
transmits the more severe form of this disorder, directly to her sons 
from her father. This form of transmission is compatible with the 
genetics of hemophilia but in hemophilia the female is not involved. 
However, in the condition described here, the mothers of male 
“bleeders” exliibit the pmrpura to a great extent. Fm'thermore, 
males never transmit hemopliilia, and in more than three score of 
severe bleeding experiences, no male ever developed a hemarthrosis. 

As regards laboratory examination, no affected individual in our 
studj'^ has had a prolonged clotting time (method of Lee and White). 
The bleeding time (method of Duke) has occasionally been slightly 
prolonged, between bleeding phases. At this time the platelets are 
somewhat lower than normal and clot retraction is slightly delayed. 
Following a bleeding phase the blood picture shows an anemia and 
a normal leukocyte count. Sedimentation rate and blood chemistry 
are normal. The tourniquet and flicking tests are negative. (Con- 
trols in all the above tests included normal individuals and 1 known 
true hemophiliac.) 

Case Abstracts. The following is a more detailed description of the 
affected individuals. 

M {male bleeder) 1, lived in Alsace-Lorraine. He suffered from uncontrol- 
lable bleedmgs from any site of injury on the body, had epistaxis, numerous 
ecchymoses and a fatal traumatic epistaxis. M 2, M 5, M 10, and M 11 
had numerous severe bleeding episodes, throughout life, from all parts of 
the body, usually following trauma and tooth extraction. Epistaxis and 
ecchymoses were common. M 10 and M 11 are said to have died from 
brain hemorrhage when about 50 years of age. M 3 was admitted to the 
Buffalo City Hospital on November 6, 1923, bleeding from the gums. This 
condition had continued unabatedly for 15 daj's follovdng extraction of 
8 teeth and the patient was m extremis. Physical examination was other- 
vdse negative except for the marked anemia. The spleen was not pal- 
pable. The blood showed a hemoglobin of 45%, red cell count 2,500,000 
per c.mm.; the clotting time was 7 minutes. Blood urea was normal; 
urine, Wassermann test and_ gastric analysis were negative; the stool 
showed a 3-b occult blood. History revealed that the patient had through- 
out Ins life suffered hemorrhages, ecchymoses and epistaxis foUovdng even 
trivial trauma. The patient recovered from this experience but died 
5 y^ears later from “apoplexy.” 

M 4 was seldom free of ecchymoses. He had prolonged bleeding fol- 
lowing “cuts,” and epistaxis, on one occasion lasting 18 hours. Death 
occurred suddenly' from a “stroke.” 

ilf 6, at the age of 22 months, bit his tongue and bled to death in spite 
of surgical intervention. M 7, aged 17, was admitted to the Buffalo City 
Hospital on September 21, 1932, i\dth a large subperiosteal hematoma of 
the left leg, traumatic in origin. In the past the patient had bled profusely 
following circumcision at the age of 5 (a transfusion was required to check 
the hemorrhage); foUoving tonsillectomy, tooth extractions and trauma, 
and has also had numerous ecchymoses. Physical examination showed a 
well developed and nourished youth with no abnormalities except for the 
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homitoma The spleen was not palpable. The blood count showed a slight 
anVS'Sh a „or Jl fcte ceU 

bleedinc time was 8 minutes; clotting time 8 minutes. The unne, \\ assei 
mann 1st and Hoantgan ray plates of the left leg and “SS 

Tomperature, pulse and respirations during 25 days stay jn t*'®. P, , 
were normal. On two occasions dunng the past year the patient haU 
prolonged bleeding from cut fingers and recently developed an extensive 
ecchymosis of the eyelids and forehead foUomng a shpit mjup. Repeated 
bleeding and clotting times, however, were normal. The platelet count on 
one occasion was 164,000 and clot retractility at this time w^as perhaps 
slightly delayed. A blood count on Januarj’^ 4, 1934, showed a normal 
hemoglobin, red and white cell count with a relative lymphocjdosis ihe 
patient’s diet has apparently always been well balanced and mcludes an 
ample supply of meat, milk, fruits and vegetables. Skin tests with pow- 
dered group extracts of meat, fowl and fish w^ere negative. 

M 8, aged 47, an office clerk, was admitted to the Buffalo Deaconess 
Hospital in 1921 , in a state of collapse, with a diagnosis of internal hem- 
orrhage and died 18 hours later. Roentgen ray revealed dense fluid shadow 
in left pleural caiuty. At autopsy the patient’s abdomen was said to have 
been found filled with fresh blood, but no autopsy record is now available. 
The patient was considered a "bad hemophiliac.” His life had been 
marked by many hemorrhages, both spontaneous and traumatic. Shaving 
was invariably followed by actual "streams of blood.” “Black and blue 
spots” were constantly present and, on several occasions, extensive suggilla- 
tions occurred, covering large areas of the body. Oozing of blood from 
various parts of the body frequently occurred. On one occasion the patient 
began oozing from the feet. Tliis continued for several da 3 '’S. The patient’s 
diet was apparently well balanced and bleeding episodes occurred through- 
out the year. Unfortunately, no laboratory studies are available. 

M 9, aged 21, died from a traumatic epistaxis. His bleeding episodes 
corresponded to those of his brothers, M 10 and Jf 11. 

M 12, aged 33, the son of M 8, since the age of 5 has had numerous 
periods of prolonged bleeding from cut fingers, epistaxis, and from tooth 
extractions. Shaving has always been attended by bleeding and oozing in 
appreciable amounts. The patient’s diet has apparently been well balanced 
and bleedings occur throughout the year. The bleeding condition, however, 
has of late become less severe which, the patient notes, is' “ever since I 
stopped having boils.” Physical examination on November 27, 1933, 
revealed a large, well built man, and no abnormal findings were demon- 
strable. Blood count showed a normal hemoglobin, red and white cell 
counts mth a relative lymphocytosis. Platelet count was 350,000; the 
clotting tune 7 minutes (control 7 minutes); bleeding ' time 4 minutes 
clot retractility normal; prothrombin time (method of Howell) 12uninutes- 
the Wassermann and Kalin tests were negative. The blood calcium and 
pliosphorus were normal in amount; the sedimentation rate was normal 
ana the tourniquet test was negative. 

M IS, aged 6 grandson of M 8, was admitted to the Buffalo City Hos- 
® J-.G'istina) on November 4, 1933. The patient 

10 days following tooth 

of teSelSa admission had suffered a traumatic hematoma 

j c ^^f^h^iad. Past history revealed a series of hemorrhages and ecchv- 

S Lwd "bT' r been 

The mw i, episodes have occurred at aU seasons of the year. 

ical of bleeding. Phys- 

appearmc bov nourished, rather pale 

.He displayed a soft subcutaneous hematoma the size 
of a horse chestnut m the middle of the forehead, and oozing frorn the 



820 


fabber: a familial hemorrhagic condition 


gums. No telangiectasia could be found. The spleen was not palpable. 
After a short stay in the hospital the patient was much improved. Labora- 
tory studies were as follows; Blood count on November 6, 1933; Hemo- 
globin, 68% Sahli; red cell count, 3,420,000; white cell count, 7750; the 
differential count showed a sUght shift to the left; blood platelets, 160,000; 
the bleeding time, 6 minutes; clotting time, 3 minutes (capillary pipet 
method) ; the sedimentation rate, normal. Blood count on November 16, 
1933; femoglobin, 70% Sahli; red cell count, 4,270,000; white cell count, 
6900; the differential count showed a moderate increase in lymphocytes; 
platelet count, 230,000; clotting time, 7 minutes; prothrombin time, 12 
minutes (control, 12 minutes); bleeding time, 3 minutes; clot retraction 
complete in 24 hours. The blood calcium, phosphorus, sugar, urea, choles- 
terol, clilorids and carbon dioxid combining power were normal; the tourni- 
quet and flicking tests were negative; the urine and Wassennann tests 
were negative. A high-protein diet was instituted and greater care taken 
to avoid trauma. Subsequent studies have shown a consistently normal 
bleeding and clotting time, platelet count and clot retractility. During 
this tune the ecchymoses have become fewer. 

ilf H, aged 6, grandson of ilf 8, has had many bleeding experiences since 
infancy; one of these, following circumcision, required transfusion. 

F {female bleeder) 1, F 2, F S, F F 6, F 7, F 8 and F 9 throughout their 
lives suffered from menorrhagia and ecchjunoses. FS has a menstrual 
fraction of 14(5-7)/26. Physical examination on February 20, 1934, 
revealed no abnormalities. Bleeding time, clotting time and clot retrac- 
tility were normal; the tourniquet and Wassennann tests were negative. 

F 6 had ecchymoses, menorrhagia and frequent epistaxis. 

F 10, aged 31, mother of M IS, has bruised easily as far back as she 
can remember. Since puberty she has suffered from menorrhagia. Her 
menstrual fraction is 1 1 (7-10)/21-28. Physical examination was essentially 
negative, the spleen was not palpable and no telangiectasia was demon- 
strable in the nose, on the gums or on the skin. Laboratory studies include : 
the blood on March 8, 193^4, showed a normal hemoglobin, red, white and 
differential count; platelets, 150,000 (method of Wright); bleeding time, 
4 minutes; clot retraction normal; clotting time, 7 minutes (Lee and 'WTiite) ; 
the tourniquet and flicking tests negative; platelet coimt (March 29) was 
202,000. 

F 11, aged 29, mother of ilf 14, suffers epistaris, menorrhagia and ecchy- 
moses . These appear more severe since she has lived in the South (Florida) . 

Discussion of Findings in Present Series. Here, then, is a family, 
Germanic in origin, tainted with a hemorrhagic state. Of the 
131 individuals, 71 are males, 55 are females and the sex is un- 
known in the remaining 5. Fourteen (20%) of the 71 males 
have lived or are living a life frequently interrupted by bleeding 
episodes; these were directly the cause of death in 4 cases. The 
source of the bleeding has been diverse, the skin and mucous mem- 
branes being chiefly involved. Eleven (20%) of the 55 females 
have manifested the hemorrhagic taint chiefly by excessive bleeding 
from the uterus and under the skin. This has been of serious import 
in only 1 case, w^hereas in the remainder it has been merely tem- 
porarily disabling. On the whole the females are far less severely 
afilicted than the males, although the occurrence of the disease is 
roughly the same in both sexes. No telangiectasia has been found 
and splenomegaly is absent. There is no definite seasonal incidence 
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of the bleeding episodes. All the male members of the famly have 
been occupied by work of either a clerical or fcming natme, the 
females have been principally housewives. Th®’^® 
undue exposure to unhygienic conditions. Trauma has been the 
principal factor in precipitating the hemorrhagic event, while infec- 
tion has been associated in only a few cases. The diet has appar- 
ently been ample and well balanced in meats, fruits, vegetables and 
carbohydrates. There are no food idiosyncrasies in the family. 
Laboratory studies have only served to rde out the cornmon and 
recognized forms of hemorrhagic states as the diagnosis in this 
case.. Clinically there is prolonged bleeding and this brings the 
patient to the physician. Unfortunately examination of the patient 
is usually at a lesser or greater period of time after the bleeding 
event. 

The frequent occurrence of hypertension and brain hemorrhage 
in the successive generations is worthy of note. At least 15 unaf- 
fected members of the family have been patients at the Buffalo 
City Hospital for various ailments. None of these exhibits to any 
degree the tendency to the pathologic hemorrhage of their relations. 

Twelve of the affected males are grandsons of “bleeders,” the 
transmission being by the female. Four of the 6 mothers of these 
12 "bleeders” suffer from the purpuric condition; data, on the 
remaining 2 are unavailable. In only one instance an affected male 
(M 12) is the son of a male “bleeder.” Six of the affected females 
are sisters of male “bleeders” and Pratt® notes that sisters of hemo- 
philiacs often suffer with purpura. The genealogic tree in regard 
to the males, with the exception oi M 12, resembles that of hemo- 
philia. Wyllie and Ellis^® state that isolated features of purpura 
occur in certain hemophiliacs and vice versa. However, the faucial 
affliction is chiefly piupuric in nature, and because of the similarities 
to the two apparently distinct hemorrhagic disorders, i. e., hemo- 
philia and purpiua hemorrhagica, no diagnosis can be made with 
certainty in these cases. Perhaps this is in keeping with the idea 
advanced by Aschoff and others” that the name applied to the 
hemorrhagic diathesis is of secondary importance, for the under- 
Ijdng defect, which is all-important, probably lies in the reticulo- 
endothelial system. Furthermore, evidence suggests that this 
defect may, in instances, be genotypic, i. e., carried in the germplasm. 

Conclusions and Summary. This study presents a family of 
mm-e than 100 members during 5 generations, of which 25 members 
si^er atj’pical pathologic hemorrhage. Fourteen (56%) of the 
2o are males; 11 (44%) are females. 

+1 regard to the males has striking similarity to 

that of Immoplidia, but the affliction is essentially purpuric in 
nature, ihe rnales have been more markedly involved, 4 of their 
number djung directly from hemorrhage. 

Tlie hemorrhagic incidents are variable, but consist cliiefly of 
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prolonged frank bleeding from a cut or wound, ecchymoses and 
epistaxis in the males and menorrhagia and ecchymoses in the 
females. The coagulation time of the blood is normal ; bleeding time 
is intermittently prolonged; platelets are numerically adequate and 
the clot retracts normally. Blood chemistry is normal. 

There seems to be no definite relation of the bleeding to season, 
diet, infection or occupation. 

Telangiectasia and splenomegaly are uniformly absent. 

Hypertension “runs in the famil\';” brain hemorrhages are 
frequent. 

No diagnosis is attempted; further studies are in progress. 

Note. — The author is indebted to Dr. E. B. Hanan, Director of Laboratories at 
the Buffalo Citj' Hospital, for his adwe and encouragement during the study, and 
to Dr, F. J. Gustina, Chief Pediatrician, for permission to publish cases from the 
Pediatric Ser^dee. 
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ELONGATION OF THE RED BLOOD CELLS IN A JEWISH FAMILY. 

By Leo H. Pollock, M.D., 

INTERN, SUBGICAE SERVICE, BETH ISRAEL HOSPITAL, 

AND • 

WiLLLCM Dameshek, M.D., 

ASSIST.A.NT PKOFESSOK OF MEDICINE, TUFTS COEEEGE MEDICAE SCHOOE; ASSOCIATE 
PHYSICIAN, BETH ISR.AEE HOSPITAE, 

BOSTON, MASS. 

(From the Surgical and Medical Services and the Department of Pathology, Beth 

Israel Hospital.) 

The human red blood cells are so consistently round that any 
constant deviation from their normal shape excites interest. Irregu- 
lar variation in shape occui-s in several tiqies of anemia, but this 
is apparently of different significance from the consistently abnor- 
mal appearance of the red blood cells seen in sickle-cell anemia and 
in tlie associated states of “sicklemia” without anemia and “ovalo- 
cjdosis.” The occurrence of sickle-shaped erithrocytes in the blood 
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has for so long been associated witli the negro race that the possi- 
bility of its appearance in the white race is still not generally 
The' finding, therefore, of large numbers of oval, elongated and 
even siclded red blood cells in several members of a Jewish family 
in whom there was apparently no admixture of negro blood seemed 

of sufficient interest to warrant this report. 

Various observations were made regarding the mechanism of the 
ovalocytosis, during the course of Avhich the experiments of several 
investigators were repeated. A critical review of the literature 
bearing on the oceurrence of elongated red blood cells, particularly 
in the white race, was made. 

Case Abstract. Esther L., a single, white Jewess, aged 30, entered this 
hospital for the removal of a painless lump in the breast. She was born 
in Chelsea, Mass., and had always lived there or in the nearby city of 
Somerville. She had never been ill. On examination, she was found to 
be in excellent ph 3 ^sical condition. In the upper outer quadrant of the 
left breast was a hard, painless, non-tender, nodular mass with an accom- 
panying enlarged lymph node in the left axilla. Roentgen ray of the long 
bones and the chest failed to reveal any metastases. A radical resection 
of the left breast was performed. Pathologic report showed chronic 
cystic mastitis with carcinoma simplex and axillary metastases. Thirteen 
days after operation, a Thiersch graft was made following which the 
patient had an uneventful convalescence. 

During the course of a red blood cell count a large number' of elliptic 
and oat-shaped red blood cells was noted. Certain investigations were 
thereupon carried out, which are described below. 


Results of Investigations. 1. Family. The patient was one of 
4 children born of Russian- Jewish parents (Western Russia), w^ho 
had emigrated to Massachusetts in 1890. Due to lack of coopera- 
tion, detailed information concerning the family tree was not 
obtained. It seemed highly improbable, however, that any ad- 
mixture of negro blood had occcurred in this typical Jewish family. 
The father died in an accident about 20 years previously; no infor- 
mation regarding his consanguinity could be obtained. The mother, 
Anna, aged 62, had gray hair, blue eyes and a light complexion. 
She had been known to have mild diabetes mellitus for several 
years. A sister, Beatrice, aged 28, ivas tall and thin, had blue 
eyes and light-brown haii-. She complained of being “highstrung” 
and had suffered from anorexia and fatigue for many years. She 
did not allow physical examination but appeared rather sallow and 
very nervous. A brother, Irving, aged 38, had always been well 
and seemed so on inspection; he also refused examination. Another 
brother lived in Joliet, 111. Attempts to communicate wdth him 
were unsuccessful. The patient, Esther, had blue eyes, light-brown 
hair which was perfectly straight, a straight nose and thin lips 
teSiS ’"'"'^bers of tlie family possessed any negroid charac- 

2. Routine Laboratory Stubies (Table 1) Excent for 
almormahty of the red blood cells described below, routfne laboll 
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tory studies failed to reveal anything of note. It is interesting that 
all of the members of the family studied belonged to Group II 
(Moss) . . The mother showed slight elevation of the blood sugar 
level. 


Table 1,— Blood Studies in 4 Membees of a Familt. 


Hemoglobm 

Red blood cells, millioDa 
White blood cells . 

Platelets 

Reticulocytes, % . 

Blood group (Moss) 

Praplity ol red cells 
Sedimentation rate, mm. per tnii 
Mean corpuaculai volume 
Blood sugar . . , , 

Nou-protein nitrogen . 

Icterus index . . , , 

Quantitative bilirubin, mg. per 100 cc. 0.3 


n. 


Esther 

Anna 

Beatrice 

Irving 

(patient). 

(mother). 

(sister). 

(brother). 

90 

90 

87 

92 

5.2 

4.65 

4.32 

4. 75 

14,400 

6400 

10.800 

6900 

. 812,000 

2.3 • 

11 

II 

n 

II 

0.44-0.34 



0.46-0.30 

. . 1.05 

78 

75 

185 


74 

30 

5 


. , 

7.5 

cc. 0.3 

. . 


0.5 


3. Studies of the Red Blood Cells. A. Morphology. The 
red blood cells varied markedly in their morphologic appearance. 
This was particularly true in the cases of Esther and Beatrice. 
The mother’s red blood cells shouted but little deviation from the 
normal round shape; the brother’s cells showed moderate elongation. 
The red blood cells could be arbitrarily divided into the following 
groups: round, oval, elongated and sickled. The round cells had 
tlie same diameter throughout. The oval cells presented one 
diameter definitely longer than the other; in measurement they 
varied from 6 by 8 micra to 4 by 9.5 micra. The elongated cells 
usually appeared as cigar-shaped forms, measuring 2 by 10 micra 
in size. The so-called “oat cells” of certain authors were included 
in this category. These presented long pointed ends from which 
extended a long filament. The sickle-shaped cells ivere character- 
ized by their definitely curved banana or sickle-shaped appearance. 
The amount of curvature of the cell varied from an arc of 10 degrees 
to one of 170 degrees. 

Table 2. — Types of Bed Blood Cells in the Subjects Studied. 



Round, 

Oval, 

Elongated, 

Sickled, 

Esther: 

% 

.% 

% 

% 

Obr. 

.... 41 

32 

20 

7 

24 hrs 

Beatrice: 

. . .15 

45 

39 

1 

0 hr 

.... S 

62 

26 

4 

24 hrs 

.... 5 

64 

30 

1 

Irrinc: 

0 hr, . > , . , 

.... 35 

53 

9 

0 

24 hrs 

.... 20 

71 

9 

0 

Anna: 

0 hr 

.... 98 

1.5 

0.5 

0 

24 biB 

.... 96 

2.0 

2.0 

0 


The abnormalities in shape of the red blood cells could be best 
observed in fresh, unfixed preparations of blood spread under a 
thin coverslip rimmed wdth vaselin, and in supravital preparations 
stained with Dameshek’s platelet-reticulocyte solution.^ 
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B. Quantitative Aspects. 1. The Effect of Time Upon the Sickling 
Ehenomenon, The percentage of abnormally shaped red blood 
cells when blood was first drawn varied in each subject from day 
to day. In the case of Esther, the cells in which one diameter 
was longer than the other varied from 3% to 62%; in Beatrice, 
they were higher, from 80% to 92%; in Irving, from 48% to 62%; 
and in Anna, the mother, from 0% to 2%. Since the mother at 
no time showed any sickle-shaped cells, it is probable that her red 
blood cells were within normal morphologic limits. 

Despite the variation in the number of abnormally shaped red 
blood cells from day to day in the freshly drawn preparations, it 
was striking to note that the end results of allowing the preparations 
to remain at room temperature for 24 to 28 hours were always 
approximate^'’ the same (Table 3). The greatest incidence in 
abnormal forms occurred at 48 hours, although there was but little 
difference in the number of these forms at 24 and 48 hours. After 
48 hours and usually after 72 hours, the cells began to assume a 
rounded appearance, and after a week, at room temperature, only 
an occasional oval or elongated cell was seen (Table 4) , 


Table 3.— Variation in Percentages of Different Types of Bed Blood Cells 
IN Subject, Esther, on Different Days. 


May 3; 
Ohr. 
24 hrs. 
June 15; 
0 hr. 
24 hrs. 
June 26: 
Ohr. 
24 hrs. 


Round, 

Oval, 

Elongated, 

Siokled, 

% 

% 

% 

% 

52 

2S 

14 

6 

15 

46 

32 

7 

34 

45 

20 

1 

15 

45 

39 

1 

39 

30 

25 

6 

IS 

42 

41 

9 


Hours. 

0 . 
2 
20 

24 . 
30 . 
45 . 
72 . 
120 , 
144 . 


Esther. 



Round, 

Oval, 

Elongated, 

% 

97 

% 

8 

% 

0 

84 

12 

4 

4 

69 

35 

0 

45 

45 

0 

22 

63 

0 

2 

78 

8 

20 

54 

30 

45 

21 

70 

12 

17 


Siokled, 

% 

0 

0 

2 

10 

15 

20 

18 

4' 

1 


2. The Effect of Temperature. The temperature at which the 
preparation was kept affected somewhat the rate of anisocytosis 

vSESrf f degree. Thus, when a preparation of fresh blood 
V as placed m a refrigerator, elongation of the red blood cells became 

e end of «4 houm At incubator temperature (37.5° C ) there 

STo tKt ““cytosis as com- 

pared to that at room temperature (24° C.) (Table 5), 
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Table 6.— Effect of Temperature on the Morphology of the Red Blood Cells. 



' 5“ C. 



21° C. 


: 3 

;7.o° C. 



Round, 1 Oval, ! 
% j % ! 

Elon- 

Kated, 

% 

Round, 

% i 

Oval, 

C/ i 

/o 

Elon- 

gated, 

% 

i Round, : 

% ! 
, i 

Oval, 

% 

Elon- 

g.atcd, 

% 

0 hr. 

33 

; 29 

2S 

33 

1 

3S 

29 

45 

35 

20 

IS hrs. 

31 

38 

31 

1 IS 

40 

42 

4 

46 

[ 50 

24 hrs. 

74 

I IS 


20 

36 

44 

12 

40 

48 


3. The Effect of Mechanical Factors. Abnormally shaped cells 
were found in various parts of all preparations. This was particu- 
larly noted because of the statements made by various authors 
(see Discussion) that sideling occurred most commonly in the center 
of a preparation, i. c., farthest away from the source of oxygen 
supply. The effect of pressure upon the development of deformity 
of the red blood cells has been commented upon by various observ- 
ers. The abnormally shaped red cells appeared to be definitely 
more plastic than the round cells. Pressure upon certain sections 
of the preparation which contained many round cells caused a 
definite increase in the rapidity of appetarance of the elongated cells. 
Howe^''el^ the end result after 24 hours was the same whether or 
not compression had been used. Pressure upon oval and elongated 
cells frequently brought about the appearance of ^^arious bizarre 
forms, winch retained their shape for 2 to 10 minutes. It seemed 
probable that pressure caused the development of elongation some- 
what more rapidly in those cells which already possessed the latent 
tendency to become elongated. 

4. The Effect of Roentgen Rays. This was observed by two 
methods: (1) Fresh preparations of blood were exposed (a) imme- 
diately for 2 hours and (6) after standing at room temperature to 
deeply penetrating Roentgen rays; and (2) preparations of blood 
were obtained at regular intervals from the patient while she was 
receiving deep Roentgen ray therapy of the axilla by the Coutard 
method. No definite effect on the rate or extent of elongation of 
the red blood cells was noted (Table 6). 

5. The Effect of Various S7ibsiances. (a) Anticoagulants. Fresh 
wet preparations made from blood mixed with heparin, sodium oxa- 
late and Hayem’s solution developed about the same degree of 
deformity on standing at room temperature as did fresh preparations 
made without the use of an anticoagulant (Table 7). 

(6) Various Concentrations of Salt Solution. “Fragility tests” 
were performed with various concentrations of sodium chlorid in 
two subjects, Esther and Irving. With Esther the red cells began 
to hemolvze at 0.42%, hemolysis becoming complete at 0.34%. 
With Irving, the figures were 0.44% to 0.36%. The number of 
oval and elongated cells in the most dilute salt solutions was 
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definitely diminished (Table 8), indicating 

shaped red cells were slightly more fragile. _ Shadows ot the 
donated red blood cells could be observed m the partially and 
completely hemolyzed preparations suggesting that these ceUs as 
well as the more normal round ones, had a definite structme oi 
stroma not dependent upon such transient factors as external 
pressure or anoxemia. . 


Table 6.— Effect of Exposure (a) op Red Blood Cells to Roentgen R , 
(6) OF THE Patient to Roentgen Radiation Upon the 
Cellular Morphology. 


Time of 
exposure. 

0 . . 

30 min. . 
60 min. . 
00 min. . 
120 mirl. . 


(a) Fresh Preparations Exposed to Roenioen Raps. 

4 hrs. after 

0 hr. exposure. 


24 hrs. after 
exposure. 


Oval, 

Elongated, 

Oval, 

% 

% 

% 

38 

24 

39 

29 

36 

34 

34 

28 

38 

38 

18 

41 

21 

29 

26 


(b) Patient Given Roentgen 


Elongated, 

Oval, 

Elongated, 

% 

% 

% 

32 

44 

41 

40 

38 

44 

31 

44 

39 

24 

36 

46 

34 

34 

43 


Therapy. 


Length of time 
'of Roentgen ray 
therapy 


Fresh. 



Oval, 

Elongated, 

(Coutard method) . 

% 

% 

6/12 0 . . . • 

. 54 

16 

6/15 1 hr. . . . 

. 45 

20 

6/16 li hrs. . . 

. 30 

15 

6/26 6 hrs. . . 

. 30 

25 

7/6 n hrs. . . 

. 56 

28 


4 hrs. 24 hrs. 


Oval, 

Elongated, 

Oval, 

Elongated, 

% 

% 

% 

% 

58 

22 

58 

29 

47 

24 

51 

32 

36 

22 

30 

20 

33 

38 

42 

41 

64 

32 

61 

29 


Table 7.— Effect of Anticoagulants on the Percentages of Abnormally 

Shaped Red Blood Cells. 



Fresh. j 

Heparin. 

Sodium oxalate. 

Hayem's solution. 
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a 



c 


vfa 

tN 

1 "rt ' 



o 



> 

i c 
o 

*0 


c 

o 



C 

o 

1 2 

V 

n 

a 

o 

'tj 


O 


OT 

6 

w 

OT 

.6 


OT 

I 

• O 


OT 

0 hr. . 

28 

31 

1 

20 

38 

0 

36 

35 

1 

42 

33 

1 

24 hrs. . 

44 

44 

4 

36 

48 

1 

40 

47 

3 

49 

32 

1 


Table S.— Effect of Osmotic Tension on Oval Cells. 


% NaCl. 


0 46 
0..14 
0.42 
0.40 
0.3S 
0.36 


Esther. 


Oval, 

Elongated, 

% 

% 

16 

4 

20 

12 

22 

16 

26 

11 

32 

4 

20 

6 


Irving. 


Oval, 

Elongated, 

% 

% 

42 

16 

32 

5 

43 

10 

40 

10 

24 

1 

Hemolyzed 


• Cheinicdls. Traces of potassium cyanid in heparin- 

ized blood produced a rapid increase in the development of oval 
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cells, so that within 7 minutes 80% to 90% of the red blood, cells 
were oval in shape. However, after 25 minutes, the red cells 
appeared to develop a thick membrane and to lose their pliability. 
Marked elongation of the red blood cells did not occur in these 
preparations. 

A drop of a 10% aqueous solution of jmric acid added to 2 cc. 
of heparinized blood caused some of the oval red blood cells to 
become rounded, although no effect on tire elongated cells could be 
seen. 

(d) Effect of Certain Gases. Hahn and Gillespie- concluded, after 
extensive investigation, that sickling of tlie red blood cells occiu'red 
with conditions of anoxemia. They devised a metliod for permitting 
the cells to come in contact with the gas to be tested. This metliod, 
in simplified form, was used in our investigations. 


Cover slip on which to 
suspend drop 


Glass tw&c into 
chamber^ 


'araffin covered 
cork 


Safetp valve 
tnbcjr 

From , 


Glass slide fixed to 
cork by paraffin 



Hole between chambers 


HoO or can nsc formaldehyde 
~ for fixing blood drops 


Fig. 1. — Schematic three-quarters cross section of gas compartments and of gauge 

bottles. 


Method. Two “gas chambers” were constructed from a large cork 
(3 in. in diameter and 1 in. long) by punching 2 square holes just large 
enough to fit vaselin-rimmed coverslips over each. A small hole running 
through the diameter of the cork (Fig. 1) connected the 2 compartments. 
Into each compartment projected a small glass tube with a curved end. 
These tubes could be so adjusted by turning them that the incoming gas 
might play either directly on the hanging drop or into any portion of ttie 
chamber. The entire cork was thoroughlj’^ covered with a thin layer of 
melted paraffin and fastened by means of parafifin to a glass slide. Since 
the ends of the slide projected at either side of the cork, the entire apparatus 
could be placed on the microscope and moved about by means of the 
mechanical stage. Drops of blood treated with a suitable anticoagulant 
were placed on coverslips which were rimmed with vaselin and inverted 
over the 2 chambers. Examination was made with the high drj’’ lens. 
The coverslips could be removed at any time for preservation. The 
various gases were passed into the chambers after preliminary passage 
tlirough bottles partly filled with water. This procedure served not only 
to moisten the gases but to act as a pressure valve. Exit of the gases took 
place by means of an outlet tube. It was found in practice that oxalated 
blood prevented positive results and that if the heparinized blood was 
diluted slightly (25%) with Hayem’s solution, rouleaux formation of the 
red blood cells could be prevented. Eed cells from another subject could 
be used in 1 of the 2 compartments as a control during each experiment. 





Fig. 2. — Stained blood smear of patient, Esther L. (X 800.) Note the marked 
variation in shape of the red blood cells with the numerous oval forms and the 
occasional elongated (E) forms. One red blood cell (S) shows slight sickling. 



Fig. 3.— Stained blood smear of Beatrice L. (X 800.) The tendency to elongation 
of the red blood cells is greater than in the case of Esther. 






Fig, 4. — Fresh preparation of blood from patient, Esther L., after standing at 
room temperature for 3 hours. The cells marked S show a slight sickling tendency! 
(X SOO.) 



Fig. 5. — Moist preparation of blood from patient, Esther L., after standing at 
room temperature {or 24 hours. (X 500.) Note that the great majority of the 
red blood cells are normally shaped and that several have assumed a “ sickle ” shape 
(S) . Filaments projecting from the ends of certain of the cells may be noted. 
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1. The Effect of Carbon Dioxid. Carbon dioxid passed into the 
gas chamber for 10 minutes caused striking elongation in the great 
majority of the red blood cells. After 25 minutes of exposure, the 
cells became rounded and appeared slightly swollen, ^ 

When oxygen Avas passed into the chamber at the time when most 
of the red cells had become elongated, no reversal to the initial 
round or oval forms was accomplished. This observation is con- 
trary to the experience of Hahn and Gillespie.^ 

In certain experiments the elongated forms were fixed by passage 
of formaldehyde gas into the chamber. (This gas was produced by 
passing the carbon dioxid gas through a bottle containing a warm 
40% solution of formalin.) The suspended drop was then carefully 
and slowly dried by playing the formaldehyde gas directly into it. 
Slow drying was found necessary for proper fixation. 

2. The Effect of Nitrous Oxid. Nitrous oxid caused an increase 
in the percentage of oval forms, although no increase in the number 
of elongated cells took place, 

3. The Effect of Oxygen. The failure of oxygen to alter the shape 
of the elongated cells produced by carbon dioxid has already been 
noted. No increase in anisocytosis took place when blood was 
drawn from a finger made cyanotic for 15 minutes by the applica- 
tion of a tourniquet; subsequent oxygenation of this blood in the 
above-described gas chamber caused no change in their appearance. 
Again, no alteration in shape occurred when blood flow was stimu- 
lated by immersing the hand in warm water before the finger was 
pricked. 

The effect of increasing the oxygen content of the blood was 
studied by placing the patient in an oxygen tent in which the ox;^'’gen 
content of the air was approxirhately 45%. Three hours’ constant 
stay in this tent produced no diminution in the number of oval or 
elongated forms. 


Table 9.— Relation op Anemia to Abnormally Shaped Cells. 


Date. 

Hemoglobin 

(SahU),^£B E.B.C.. 

% 

millions. 

5/3 . 

... 90 

5.20 

5/17 . 

.... 60 

2.75 

5/24 . 

.... 65 

2.61 

6/12 . 

.... 52 

2.90 

6/16 . 

.... 64 

3.10 

6/26 . 

.... 80 

4.25 

7/16 . 

.... 82 

4.60 


Abnormally shaped red blood cells, 
% 


•A 
B 
'A 
B 
A 
B 
' A 
B 
’A 
B 
A 
B 
A 
B 


Oval. 

28 

46 

47 
32 
63 
61 
45 
45 
30 
39 
30 
42 
56 
61 


Elongated. 

14 
32 

38 
49 
12 

24 
20 

39 

15 
20 

25 
41 
28 
32 


Sickled. 

6 

7 

7 

4 

0 

0 

1 

1 

0 

1 

6 

9 

2 

1 


(c) Effect of Anemw. Opportunity presented itself in the 
patient, Esther, to study the proportion of abnormally shaped red 
cells not only when the erythrocyte count was normal, but when 
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she developed a moderate degree of anemia following operation. 
The greatest proportion of oval and elongated cells in freshly drawn 
blood was present when the red blood cell count was at its lowest 
level (2,610,000) (Table 9). However, about the same proportion 
was noted when the red blood cells later rose to 4,600,000. The 
tendency for marked diurnal variation in the percentage of abnor- 
mally shaped red cells has been noted above and probably accounts 
for the variations noted at the different levels of red cell count. 
Beatrice and Irving, although presenting normal hemoglobin per- 
centages and red blood cell counts, showed a moderate to marked 
ovalocytosis. 

(f) Control StiicUes of the Percentage of Oval and Elongated Red 
Blood Cells in a Miscellaneons Group of Patients. Blood obtained 
from 135 unselected clinic and hospital patients (all white) was 
examined for the presence of oval and elongated cells. The custo- 
mary fresh wet preparations were made and examined immediately 
and after 24 hours. In 3 instances, 3% of the red blood cells were 
oval and elongated; in 4 instances, 1% of the cells; in 11 instances, 
0.25% to 0.5% of tlie cells; in 30, 0.1% to 0.2% of the cells were 
oval; while in 40, 1 abnormally shaped red blood cell per 1000 
counted was found. In the remainder of the 47 patients no oval 
or elongated cells were noted. These results indicate that the 
presence of an occasional oval or elongated red blood cell may be of 
no significance. 

Discussion. 1. Re\tew of Literature (With Special Refer- 
ence TO THE Occurrence of Elongated Red Blood Cells in 
THE White R.ace). The great majority of the cases of sickle-cell 
anemia and of cases showing sickled, elliptic and oval shaped red 
blood cells ivithout anemia have been found to occur in the colored 
race. The literature has been well reviewed by Steinberg.'* That 
this disorder of the red blood cells occurs in individuals of the white 
race is still doubted by some who have Avritten on the subject 
(Musser and Wintrobe''). HoweA'er, seA'eral well-documented ob- 
servations are noAV on record. Bishop,® in 1914, described the 
occurrence in a Avhite man and his sister of about 75% of oval 
shaped red blood cells. Four other members of this family had 
normal blood cells. Huck,®“ and Huck and BigeloAv,®'' in 1923, 
made extensive studies of the effect of various substances upon the 
abnormal red blood cells found in 2 of 14 members of a Avhite 
family. The 2S-year-old patient and her mother each had 50% 
to S0% of oval red blood cells, but Avere otherAvise in good physical 
condition and not anemic. Castana,^ in 1925, reported the first 
case (in an Italian child) of definite anemia Avith the presence of 
sickled red blood cells in an indiAudual of the AA-hite race. No illus- 
trations are, however, gh-en and no mention is made of the behaAdor 
of the red blood cells in fresh “Avet” preparations. Archibald,® 
in 1926, described the occurrence of sickle-cell anemia in a 2-year- 
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old Arab child, a native of the African Sudan. The parents showed 
no sickled cells. This case, because of the definite possibility of 
racial admixture, should probablj'^ be excluded as a definite instance 
of the occurrence of sickle-cell anemia in the white race. The same 
holds true for Stewart’s® report (1927) of the occurrence of siclded 
cells in 2 Cuban children. Both of these children had definitely 
negroid facial characteristics, and • the mother was probably a 
negress. The first case from Europe was reported, in 1928^ by 
van den Bergh,^® who found 4 instances of elliptic red blood cells 
in a Dutch family. This was shortly followed by the reports of 
Bernhardt'^ and Giinthed- of German patients with the same 
disorder. Cooley and Lee,‘® in 1929, reported a definite case of 
sickle-cell anemia in a Greek child, and in the same year Hunter 
and Adams*^ observed in this country a Dutch family in which 
3 generations presented elliptic red blood cells. Numerous rela- 
tives of this family were found by van den Bergh,^® in Holland, and 
the derivation of the elliptic red cells was finally traced to the 
third of 4 wives which the great-grandfather had married in Holland. 
The relatives of this third wife presented several instances of 
abnormally shaped erythrocytes. Sights and Simon,^® in 1931, 
reported a case of sickle-cell anemia in an American of Scotch-Irish 
parentage, and Rosenfeld and Pincus^^ made careful studies of 
members of 3 generations of an Italian family who presented various 
degrees of siclding. Lawrence'® studied a number of patients and 
medical students in a university hospital and found several instances 
of sideling of the red blood cells. In 1931, the same author'® found 
oval red blood cells in 2 patients with pulmonary tuberculosis. 
One of these was Jewish and is thus the first representative of his 
race in whom sickled or oval red blood cells have been reported. 
Roth and Jung®® found oval red blood cells in a white woman, aged 
30 years. Cheney®' studied 81 members of an Italian family, 14 of 
whom showed oval-shaped red blood cells, and Grzegorzewski,®® in 
1933, was also able to find 14 instances of the disorders in 5 genera- 
tions of a white family living in Danzig. 

2. The Tbruis Sickle Cell, Sickle-cell Aneaiia, Ovalo- 
cytosis, Etc. The terminology referring to these variations in 
the shape of the red blood cells has become greatly confused. The 
name "sickle-shaped red blood cells” given by Herrick,®' in 1910, 
has been retained despite such suggestions as “ drepanocytosis ” 
(Hahn®*’) and “ meniscocytosis ” (Graham and McCarty®'), etc, 

_ “Latent sickling” (Emmel®®), “the sickle-cell trait,” “latent 
sicklemia” are all terms indicating changes in the morphology of 
the red blood cells wlien blood is allowed to remain in wet prepara- 
tions for 24 liours. “Sicklemia” refers to the presence of numbers 
of sickled red blood cells found at the moment blood is obtained. 
Mhen anemia is also present, the condition is known as .sicMe-cell 
nimnia (Mason,®® 1922). “ Ovalocytosis”"® refers to blood in whicli 
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altliougli most of tlie red blood cells are elongated in one diameter, 
only an occasional one is bent in the characteristic sickle fashion. 

Definite gradations in this type of abnormality of tlie red blood 
cells are thus seen to occur. These have been carefully studied by 
Giinther^’ and Penati.”’^ The slightest degree of abnormality is 
represented by the oval-shaped cells. When these occur in large 
numbers (10% of the red blood cells or greater), the term “ovalo- 
cytosis” may be used. The number of these cells in a wet prepara- 
tion usually increases greatly on standing, and some of the cells 
become definitely elongated and frequently cigar or fusiform in 
shape. Elongation may thus be said to be the next degree of 
abnormality. The final and most marked stage, in which a banana 
or “sickle” shape is assumed, is called the “sickle cell.” Although 
certain observers conclude that “ovalocytosis” and “sicldemia” 
are separate phenomena, it would appear unwise to differentiate 
sharply between them, since they may be closely related stages of 
the same general disturbance of the red blood cells. 

3. Racial and Faimilial Characteristics. As noted above, 
most cases of oval and sickle-shaped red blood cells have been 
reported in the colored race. The occurrence of an instance of 
elongation in a white person, therefore, is always eitlier doubted 
(hlusser and Wintrobe'*) or the question of racial admixture eitlier 
recent or remote^^ is entertained. The possibility of recent negroid 
admixture in our tjqiically Jewish family, none of whom possessed 
any negroid characteristics whatsoever, is exceedingly’' remote. 
Flowever, it must be admitted that the possibility of an admixture 
of negro blood in the distant past resulting in the transmission of 
a sickle-cell trait cannot certainly be excluded. This possibility 
may account for the occurrence of otlier cases in typically “white" 
individuals, although it must also be admitted that tlie sickle-cell 
trait may have been present for centuries in certain pure strains 
of white individuals. 

The familial occurrence of this disorder is well known and needs 
no elaboration here. The exact mode of transmission, whether by 
male or female, and whether by a strictly Mendelian tyqie of inheri- 
tance, has not yet been worked out. 

4. Pathogenesis of the Disorder. Race and heredity prob- 
ably represent the greatest single factors in the occurrence of this 
disorder. There is no doubt, however, that the sickling trait may 
be modified in- vitro by various mechanieal and chemical factors. 
Hahn and Gillespie- emphasized the factor of anoxemia. Scriver 
and Waugh,-® by altering the oxj^gen content of the forearm by 
means of a bandage, found that the degree of sickling varied direetly 
with the decrease in oxygen tension. Sydenstricker,®® however, 
found that the sickle cells in a case of sickle-cell anemia were 
unaffected by oxygen, and Graham and h'leCarty®^ failed to find 
an increase in tlie percentage of sickled red cells in blood removed 
from the heart under anaerobic conditions 27 hours after death. 
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Failure to change the shape of the red blood cells in our experi- 
ments by modifying the oxygen saturation of the blood in the 
circulation by either hyperoxygenation or anoxemia also serves to 
cast doubt upon the theory of anoxemia. Attempts to explain the 
elongation of the red blood cells by mechanical factors (pressure 
on the coverslip, etc.) have failed of proof. Auer,^® in a recent 
study of the structure and function of filaments produced by living 
red corpuscles, concluded (on theoretical grounds) that “ these fila- 
ments are probably the agents that cause cell deformity in siclde- 
cell anemia.” 

It is still not entirely certain whether the elongated red blood 
cells are produced as such in the bone marrow or whether their 
development takes place in the circulating blood. Several observers 
have made distinctly contradictory statements in regard to this 
question. Unfortunately, we were unable to study the bone mar- 
row at biopsy in our cases. However, it was observed that the 
reticulocytes present were always round, and showed no tendency 
toward elongation of one of the diameters. This finding led to 
the speculation that it was only the more mature red blood cells 
which developed varying degrees of elongation and, therefore, that 
the phenomenon occurred in the eirculatiug blood. Against this 
speculation, however, is the observation (questionable) by Roth 
and Jung^® of oval red blood cells in the marrow.* The question 
as to whether the oval cells were in the marrow tissue or the circu- 
lating blood of the marrow would still remain' open, Bernliardt,^^ 
in 1928, found that the bone marrow in a case of sickle-cell anemia 
had normal erythroblasts and normoblasts and concluded that the 
oval cells first appeared in the peripheral blood. That anemia does 
not of itself predispose to ovalocytosis is now definitely accepted. 
Conversely, the presence of large numbers of eirculating ovalocytes 
does not predispose to anemia. Of 46 cases of ovalocytosis occur- 
ring in people of the white race, 37 were in good health and presented 
normal blood pictures. The others had slight degrees of hypo- 
chromic anemia probably associated with the various chronic 
diseases which were present. 

The significance of the observations of the effect of various 
physical and chemical factors upon the red blood cells in vitro must 
to a certain degree be questioned. It eannot be denied that, 
although the red blood cells respond in various definite manners 
to various stimuli when studied outside the circulating blood, it is 
wholly improbable that striking changes either in pH, oxj^gen 
saturation, temperature, etc., occur within the body. These more 
or less artificial observations must be taken, therefore, as interesting 

* Corrigan and ScMller,^' in a very recent communication, note that *‘a number 
of nucleated red cells appeared aokled” in the bone marrow from a case of sicklo- 
cell anemia. 
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phenomena which may well have no reference to the underlying 
pathogenesis of the disorder. The most that can be said at present 
is that certain individuals have an hereditary tendency toward 
elongation of their red blood cells. 

Summary. Large .numbers of oval, elongated and siclded red 
blood cells were found in 3 members of a Jewish family, in whom 
no admixture of Negro blood could be elicited. 

Studies of the effect upon these cells of time, temperature, 
pressure, Roentgen ray radiation, anticoagulants, vaj'ious chemicals, 
certain gases and anemia were made. 

The literature bearing on the occurrence of elongated and siclded 
red blood cells in individuals of the white race is reviewed. 

It is probable that oval, elongated and sickled red cells and 
sickle-cell anemia represent various gradations in the same general 
abnormality of red blood cells. The significance of certain observa- 
tions made upon the red cells in vitro is questioned. 

The most important factor in the pathogenesis of The disorder 
appears to be that of heredity. 

The appearance of oval, elongated and sickled red blood cells in 
members of the ivhite race cannot longer be questioned. 
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EXPERIMENTAL INTERFERENCE WITH CONDUCTION IN 

THE HEART. 

By Jane Sands Eobb, M.D., Sc.D., Mary Easby, M.D., 

AND 

J. G. Fred Hiss, M.D., 

SYRACTJSE, N. Y. 

(From the Laboratory of Pharmacology, College of Medicine, Syracuse University.) 

In order that the problems of conduction in the heart may be 
solved, there must be no divorce between the facts of function 
and of structure. There is reason to suppose that theory has 
outrun observation and does not merit our full confidence, as the 
following citations imply. 

There has been much inconsistency in the description of cardiac 
muscles (see Eobb'-"'^ for extensive references), a confusion which 
perhaps influenced Leuas’-*'® view, that they were without conduc- 
tion significance. Unfamiliarity with the demarcation between 
adjacent -muscles led to an easy acceptance of this opinion. 

The statement that heart muscle forms a syncytium is only a 
partial truth. Pettigrew® quotes unpublished work of his students 
confirming their observation that when the muscle layers* are sepa- 
rated, one from another, no muscle fibers are cut, only connective 
tissue strands being broken. (See also Eobb.^) Pettigrew also 
examined microscopic preparations to confirm the gross observation. 
One must then limit the statement that “ the cardiac muscle forms 
a syncytium” to mean that withm any given vinscle bundle the 
fibers form a syncytiuvi. Thus, there is not a synejHial muscular 
connection between any two muscle bundles, c. <■/., the superficial 
and deep sinospirals. The one overlies the other in areas, but the 
two are ever separated by connective tissue septa in which are found 
the bloodvessels. Various textbooks of histology will support this 
statement (c. g., Fig. 172, Lewis and Stdlir). The physiologic 
implication is that excitation would doubtless take the path of least 
resistance, i. e., along the syncytium of a given muscle, rather than 
cross the comiective tissue barrier from one muscle to another. 
Direct linear distances, disregarding muscle boundaries, were used 
in the calculation of conduction rates. 

The blood supply to the ventricles has been admirably described 
by Gross,’’ and fvu’ther details have been added by Wearn.® How- 
e\er, the specific blood supply to the individual muscle bundles 
has been iminvestigated. In such a study, presently to appear, 
each muscle is found to have a fairly precise blood supply (Eobb). 
Ligation of a definite branch of the coronary system -anil consistently 
cause anemia in a specific portion of a given muscle. The fact that 
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one may limit an infarct to a single muscle makes the study of 
conduction less complicated. 

Knowledge of the actual distribution of the conducting system 
in the heart still awaits final evaluation. , The classical description 
recognizes a sinoauricular node (an isolated structure), the auriculo- 
ventricular node of Tawara, the bundle of His, right and left 
branches of the brmdle and subendocardial Purkinje ramifications. 
The studies of Keith,® Kent,^® Curran,^^ Todd,^® Taussig,^® and 
Abramson and Cardwelb^-^® all suggest the possibility of a more 
general distribution in mammals, including man. The Purkinje 
system unquestionably ramifies through the heart substance in 
ruminants, and perhaps in all mammals, even connecting the two 
ventricles; also multiple muscular coimections between auricle and 
ventricle have been supported. 

A fm-ther assumption is commonly made by physiologists, namely, 
that a stimulus applied to the smface of the heart has to pass 
through muscle tissue only. On this basis, two tjqies of conduction 
were inferred— one of 400 mm./see. for ventricular muscle, and 
another approximating 5000 mm./sec. for Pm’kinje substance. In 
the light of the Iristologic data referred to above— particularly that of 
Todd and Abramson, this assumption, and hence the conclusion as 
to two conduction rates, is open to suspicion. The apparent 
differences in conduction rate may be only a question of the length 
of the pathway actually involved. 

Because these facts regarding the gross anatomy, the blood 
supply and the distribution of the Purkinje tissue to the ventricular 
muscle bundles have not been taken into sufficient account by the 
physiologists in the present theory of conduction in the ventricle, 
it seems obvious that it should not merit great confidence. 

Experimental Methods, Various methods may be employed to study 
conduction in the ventricle. A technique hitherto untried is the elimina- 
tion of muscle bundles, one at a time, by appropriate vessel ligation, and 
observation of resultant change in the electrocardiogram. The authori'^’^® 
has reported elsewhere two such studies. It is also important to repeat 
the classical procedures of Lewis, having due regard to the anatomic facts 
stressed above. This paper is concerned nuth a repetition of two such 
experiments. 

On dogs anesthetized with chloretone (0.25 gm./kg., 1st series) or with 
pentobarbital (50 Tng./kg., 2d series), the thorax w^as opened, the heart 
e.xposed and the pericardium stitched to the edges of the wound. In the 
1st series there yvete attached directly to the heart electrodes of glass tubes 
ha\ing a gelatin-saline plug in wdiich was embedded a thick silver wire 
coated with silver cMorid. A small amount of absorbent cotton was 
inserted into the gelatin at the tip of each tube, and this cotton wick, wet 
with 0.9% saline, was attached to the heart bj*- a single superficial stitch. 
This ensured a constant contact and yet allow^ed for free movement of the 
ventricle. Such electrodes are strictly non-polarizable and have a resist- 
ance of 500 Olrms or less. All records were taken with standard electro- 
cardiographic technique. A total of 66 muscle studies have been made 
on 21 dogs. 
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Series I.* One of the experiments upon wliich Lewis’ theory of 
conduction in the ventricle depends is that of attaching two direct 
electrodes to the surface of the heart and subsequently making a 
cut between them. Lewis found that this procedure did not alter 
the conduction time from one electrode to the other. 

In Fig. 1 are shown typical data obtained upon repeating this 
experiment. The small insert, at the left, is reproduced from Lewis/ 
and shows where his electrodes were placed. If the experiment is 
repeated with the electrodes in that position, Lewis’ observation 
is confirmed. The corresponding insert (F) is a reproduction from 
Malh^ and shows the direction of fibers on the surface of the 
heart. It is obvious that a cut in the position made by Lewis only 
separated the fibers in the syncytium. If the experiment is modified 
so that the electrodes are placed as in the lower insert on the right 
(G), that is, in such a position that the fibers are cut transversely, 
then a marked change in the electrocardiogram appears. This 
alteration is observed in “natural” as well as in “excited” beats. 
The contour of the Q-R-S complex is altered and the duration 
increased subsequent to the cut. Attention is called to the fact 
that not only are the contour and time relations of the direct leads 
altered, but similar changes are to be seen in the indirect leads. 
Also, one notices in tracing that the mere attaehment of the 
direct electrodes to the surface of the heart has elevated the R-l' 
segment and that subsequent to the cutting this segment is, still 
fm’ther raised. (Randles, Gorham and Dresbach.^^) 

Series II A In Fig. 2 is shown a diagrammatic representation 
of the superficial sinospiral muscle. At the point marked “1” the 
muscle is of small compass. The blood supply to the internal 
portion (anterior papillary muscle) is derived from branches of 
the left anterior descending branch of the left coronary artery and 
can easily be identified and ligated. Rendering the internal portion 
of this muscle anemic causes an elevation of R-T in all leads (Fig. 3, 
S\ also Robb''^). 

If in addition to this lesion one makes a cut transverse to the 
muscle fibers proximal to the ligation, in the position marked “2,” 
no further change occurs (Fig. 3, 4)- 

A branch of the left fork of the bundle of His enters this muscle 
near its mitral insertion. We were able to introduce an instrument 
through the left auricular appendage into the left ventricle, where 
cuts were made on the anterior papillary muscle, thus breaking its 
connection to the bundle of His. The same type of electrocardio- 
gram is obtained (compare Fig. 3, 4 and 5), the only additional 
change found being the complete loss of the negative S wave. 


* These experiments were performed wth the help of Dr. Easby and with eauip 
ment supplied by the Laboratory of PhysiologJ^ University of Pennsylvania and by 
the Philadelphia General Hospital. 


t Experiments performed wth the aid of Dr. J. G. Fred Hiss-some in the Lab- 
oratory of Physiolopy, School of Medicine. Rochester University. 
voh. ISS, xo. 6. — DF.ciiMtir.u, 1934 29 
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Fig. 1. — A', Electrocardiogram with direct contacts placed at points x — t' on 
the heart (as in insert G). Time intervals are ' second each. A-, Simultaneous 
Lead 2, for additional “control.” B‘ — B-, Records from above leads taken after 
cutting the muscle transversely between the take-offs (cut shown as line c — c in 
insert G), each differing from control above it. C, Direct leads from another 
muscle on the surface of the same heart, showing two excited beats. D, Same 
leads, after transverse section of the muscle between. Note that both normal 
and excited beats are altered and prolonged. B, Diagram from Lewis, show- 
ing the position of electrodes and the direction of the “cut” in his experiment. 
F, Drawing by Mall, showing diagonal course of surface muscles, indicating that 
Lewis did not have his two leads on the same bundle and that he did not completely 
transect anj' bundle. G, Location of leads at x — .t' in our experiment. 




experbikntal interference with conduction O-SJ 

These data indicate that in the superficial sinospiral muscle, if an 
initial lesion involves the entire cross section oi the muscle at the 
apex, a further lesion of the uninjured portion of the muscle will 
not cause a further change in the electiocardiogram. 



Fig. 2. — Posterior view of the superficial sinospiral muscle. AO, Aorta; MJT, 
mitral valve; L V, left ventricle; PAP, anterior papillary muscle; P A, pul- 
monary artery; T, tricuspid opening; i? V, right ventricle. No. 1, Locus of apex 
muscle lesion, by local vessel ligation, thus rendering anemic the central portion of 
this muscle. No. 3, Locus of subsequent lesion, by transection, which initiates no 
further modification of the E.C.G. 

Discussion. — ^This observation is hard to explain if one accepts 
the theory of radial penetration of the excitation tlirough the 
thickness of the walls of the ventricles. If this radial penetration 
were a fact, one would expect that even though the apex of the 
superficial sinospiral were injured, a lesion in its course over the 
external surface of the ventricle would produce a further electrical 
change. Recently Ililh® has suggested that the immediate effect 
of coronary thrombosis upon the electrocardiogram is due to an 
injury current. If this were the only explanation, then a second 
injury should cause an increased effect, which is not the case in this 
experiment. On the other hand, if conduction in the ventricle is 
not radial, but is parallel to the direction of the muscle fibers of 
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each muscle bundle, then one would expect that the lesion at the 
apex would produce the total change possible and that further 
lesions in portions of the muscle where the blood supply is intact 
would have no effect. 



Fig. 3. — Three standard leads showng the successive effects of several procedures 
on the superficial sinospiral muscle in a single heart. 1, Control v-ith heart exposed 
2, control with compression of a few muscle fibers; S, apex blood supply ligated 
(Fig. 2) : 4, transverse cut of muscle; S, interruption of the main Purkinjc branches 
to this muscle, 

Lewis'* considered the possibility of conduction by way of the 
muscle bands and decided against this interpretation. The esti- 
mation of conduction rates in the ventricle, upon which his theory 
is based, is made only from the excited beats, and some of these 
rates are excluded. The more rapid rates of 1200 to 1500 mm. 
per second were found over the right ventricle, where he believed 
the conduction was through the Purkinje substance. The slower 
rates were obtained from the left ventricle, where he assumed only 
muscle tissue was involved. The work of Todd*" and Abramson*® 
shows that this assumption is unwarranted, for the Purkinje fibers 
ramify throughout the muscle of the left ventricle as well as that of 
the right. Lewis^ gives data for transmission vith leads parallel 
to the fibers and transverse to the fibers for both natural and 
e.\'cited beats. Tlie, rate for transverse conduction is slower both 
in excited and in natural beats. These differences in conduction 
deserve more emphasis than was originally- given them. Such data 
would support the opinion that conduction is along the direction 
of the muscle bundles. 
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Wiggers/^ studying the response of the mammalian ventricle to 
surface stimuli, found that the “ pressure maximum of beats excited 
at the surface was always less than that of normal beats. In 
ex-plaining the results of his study, he suggests (p. 376): “IVhile 
this double contraction process also contributes to the decrease in 
total tension developed, e^'idence is cited that this is further influ- 
enced by the abnormal directional spread of impidses over the con- 
ducting system. Such changes in distvibution {Fig. 4) wa?/ alter the 
order in which the mvsclc scrolls are excited (italics by author) and 
this in turn may affect the effectiveness of contraction of the entire 
ventricle as gauged by tension development. If there were “ radial ’ ’ 
penetration, the order of the involvement of the scrolls should be 
unimportant. 

The consistency of results obtained in these experiments suggest 
that at autopsi?^, in order to correlate pathology with clinical evi- 
dence, lesions should be described with reference to the component 
muscles of the ventricle rather than located topographically. 

Conclusions. 1. If the fibers of a ventricular muscle are cut 
transversely a characteristic change in the form and in 'the time 
relations of the electrocardiogram result. 

2. Electrocardiograms of muscle lesions are of the “coronary” 
type. 

3. Various types of injury to a given muscle, such as compression 
of the tissue, interruption of the blood supply, cutting the band 
transversely, or intraventricular interruption of the Purkinje supply 
to the muscle, all produce a result tj-pical for that muscle. 

4. Data accumulating suggest that impulse conduction is parallel 
to the direction of fibers of the ventricular muscle bands. 


Acknowledgment is gratefully made to the Committee on Scientific Research of 
the American Medical Association, to the Hendricks Fund of Syracuse University, 
and to Dr. R. C. Robb who gave technical assistance in all the recent experiments 
and made the drawing of Figure 2. 
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CLINICAL SIGNIFICANCE OF THE M OR W SHAPED Q-R-S 
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(From the Robinette Foundation, Medical Clinic, Hospital of the University of 

Pennsylvania.) 

A SEARCH of tlie literature regarding the significance of M and IV 
shaped Q-E-S complexes of low amplitude in Lead II of the 
electrocardiogram failed to yield any information on the subject. 
Our attention had been directed to complexes of this type because 
of the presence of a W wave in Lead II of tlie electrocardiogram 
obtained from a patient with probable coronary occlusion. At the 
time, no significance could be attached to this finding although it 
was the only definite abnormality noted; subsequent observations, 
however, indicated its importance. 

The present report deals with Q-R-S complexes in Lead II having 
the following characteristics: 

1. The amplitude does not exceed 5 mm. 

2. The complex is definitely if or W shaped throughout the 
tracing. 

3. All the components of the complex are above the base line in 
the if shaped complexes, and below the base line in the W shaped 
complexes, 

4. Occasionally there is a deflection either preceding or following 
the if or H’ shaped part of the complex, opposite in direction to its 
associated if or W shaped component. 

5. The duration of the if or W shaped part of the complex is at 
least 0.08 sec. (Fig. 1, A and B). 

Complexes bearing certain resemblances to the above but excluded 
from this group are shown in Fig. 2. Their possible relationship 
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to tli6 coniplcxes under consideration is discussed later in connec 
tion with changes in form of these complexes. 

The material is, for the most part, the same as that used in the 
study of the significant Q III wave.^ It is arbitrarily dudded into 
six groups : I, 960 college students with presumably normal cardio- 
vascular systems;* II, 117 college athletes;* III, 145 railroad execu- 
tives; IV, 116 cases with the anginal syndrome; V, 4450 electrocardio- 
grams taken in the years 1927 to August, 1932 inclusive; VI, 25 
cases with M or W waves not included in the above groups. 

There is no overlapping in Groups I, II and VI. Cases in Groups 
III and IV which happened to be studied within the time limit of' 
Group V are included in that group. 

Groups I, 11 and III. There was no instance of an M or W 
complex, which completely satisfied the criteria stated above. 

Group IV. There were 5 records showing this complex. Two 
of these patients died following coronary occlusion during their 
stay in the hospital; 2 gave a history suggestive of a coronary occlu- 
sion; of these 1 has since died and the other is incapacitated because 
of pain on effort. The 5th patient died suddenly (Fig. 3). 

A significant Q III wave was the only other electrocai'diographic 
abnormality noted in 1 case; 1 showed a flat T wave in Lead II 
and in 1 a low T-2 was associated with a significant Q III. Two 
showed T wave inversion and slurred Q-R-S complexes. 

Group V. In Group V there were 21 records showing this 
complex in Lead II, including the 5 in Group W. The diagnoses! 
made in the 16 remaining cases are as follows: Cerebral thrombosis 
1, myocardial disease with decompensation 4, coronary occlusion 3, 
rheumatic heart disease 1, syphilitic cardiovascular disease 3, 
hypertension and/or arteriosclerosis 3, unknown 1. The patient 
who had cerebral thrombosis cannot be traced. Of these 16, 10 are 
dead, 5 are more or less incapacitated (and from the clinical findings 
appear to have a poor prognosis). One patient is comparatively 
free of symptoms but has bundle-branch block. Only 1 of the 10 
fatal cases lived more than 2 years after the taking of the electro- 
cardiogram showing an M or W wave. This patient suffered from 
a coronary occlusion in 1925. At that time the electrocardiogram 
was abnormal but an j 1/ or W complex was not present in Lead II. 
In April, 1927, his electrocardiogram show'ed an M complex in 
Lead II; death from cardiac decompensation occurred in June, 1929. 
In 4 instances death took place wuthin 6 months and 1 of these 
fatalities occurred on the operating table. The patient, a man 
aged 50, had complained of upper right abdominal pain and had 
symptoms suggestive of cholecystitis. At operation, however, a 


. These tracings were made available through the courtesy of Dr. Francis C. Wood, 
t The diagnoses given arc those of the hospital records. In some, the history' sug- 
^agnos^s'^”*^”*''^' sufficient data were not present to warrant a definite 



844 EDEIKEN, W’OLFERTH: 

normal gall bladder was found and no abnormal condition sufficient 
to explain his symptoms was disclosed. While the abdomen was 
being closed, the patient suddenly died. Postmortem examination 
was not permitted. In reviewing the history and clinical and 
laboratory findings of this patient, the M wave in Lead II was the 
principal finding which would point to the heart as the cause of his 
sjTuptoms. Although there is no proof that a cardiac accident was ' 
responsible for his death, its suddenness and the lack of any other 
explanation suggested this possibility. 




Fig. 1. — A, Lead II of four records, sho-wing M type of Q-R-S complex. B, Lead 
II of four records showing IF type of Q-R'S complex. Note splitting of middle limb 
in second tracing. 


Four of the 5 patients who are known to be alive were first 
observed during the year preceding the study of this group. The 
5th patient had coronary occlusion in 1927 from which he recovered, 
although he is more or less incapacitated. 

Among the 16 cases, the electrocardiogram showed no definite.ab- 
normality in 1 instance, except for the M or TFwave; 1 record showed 
a flat T wave in Lead I; the T waves were inverted in 2 leads in 5 
cases; 4 showed inversion of T waves and slurred Q-R-S complexes. 
There were 4 records showing bundle-branch block and 1 of complete 
block.* 

The electrocardiograms of the 5 patients who were alive are all abnormal — 2 
bundle-branch block, 1 complete .d-V dissociation and the other 2 marked 
Q-RS changes and T wave mvorsion following coronan^ occlusion. 
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Group In this group are 25 records showing an M or IF 
wave but not included in any of the above groups. All were taken 
within the past 2 years. Twenty cases were diagnosed clinicallj'^ 
as having coronary occlusion. In Figs. 4 and 5 are the electro- 
cardiograms of 2 of these cases taken before and after the occlusion. 
The 21st case gave a history of attacks of substernal pain but died 
following an embolus which occluded the aorta at its bifurcation. 
At postmortem the heart muscle was found "pale, grayish, and 
extremely friable.” No e^ddences of an old or recent coronary 
occlusion was found. Another case was that of a man aged 61, 



Fig. 3. — M shape Q-R-S complex in electrocardiogram of man with anginal syndrome. 

Death was sudden. 

with sjT^hilitic cardiovascular disease. Another patient had hj’per- 
tension with blood pressure figures averaging about 230/130. 

The 24th and 25th cases are obscure and have recently come to 
our attention. A young woman, aged 20, had vague complaints 
referable to the gastro-intestinal tract. An enlarged heart was 
discovered during routine examination. Auscultation revealed a 
third sound falling in early diastole over the body of the heart; the 
significance of which was in doubt, although the majority of observers 
regarded it as the opening snap of mitral stenosis. The electro- 
cardiogram and orthodiagram are seen in Figure VI. No definite 
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diagnosis has been made but there can be little doubt that the heart 
is abnormal. The age of the patient, the lack of cardiac symptoms, 
the insignificant past medical history, and the large abnormally 
shaped heart suggest the possibility of a congenital lesion. 
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. Nine of the 25 patients in this group are dead but it is of interest 
that 14 of the 16 alive were first observed during the past year and 
13 of these 14 have had coronary occlusion. The remaining 2 cases 
are the obscure cases described above. In almost all the cases with 
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coronary occlusion, the ilf and W waves were observed 4 weeks or 
more after the occlusion. However, in several cases it has been 
observed immediately after. 

In no case of this group showing 31 or W waves could the electro- 
cardiogram be considered normal in other respects. However, 
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in 11, the other ch'anges were either slight or inconclusive. In 1 
case a significant Q-III wave Avas the only abnormality noted; 
another showed low Q-R-S complexes; in 2 cases the Q-R-S com- 



T^nH TT^' TK ’ J'oung vroman, aged 20, shomng M wave in 

^nd II. There are no eomplamts referable to the cardiovasrular sr^'stcm Diagnosis 
obscure. B, Orthodiagrare of sarac patient. * tJJagnosis 



850 


EDEIKEN, WOLFERTH 


plexes were somewhat slurred ; 1 case showed a’ Q-R-S complex of 
0.11 second; in 3 cases T was upright but of low amplitude; 1 
tracing showed the S-T interval raised (1.5 mm.) in Leads II and III; 
in 1 instance the record showed a flat T-2, an inverted IT-S and 



Fig. 7. — A, Electrocardiogram of man, aged 49, who has recovered from a sus- 
pected occlusion of the right coronary artery. Chest leads are normal. B, Electro- 
cardiogram of man, aged 59, who has recovered from a suspected occlusion of the left 
coronary artery. 

numerous ventricular extrasystoles; another case showed a Q-III 
wave and a Q-R-S complex of 0.11 second. The remaining 14 
cases showed various T wave and Q-R-S complex changes indicative 
of severe myocardial disease. 
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Discussion. The infrequency of an M or W wave in electrocardio- 
grams of individuals with presumably normal hearts and conversely 
the finding of cardiac damage in a vast majority of cases in whom the 
electrocardiogram shows this wave, suggests its importance. 

Of the 46 records showing an M or W Avave 28 were from patients 
suspected of coronary occlusion and the histories of some of the 
remainder also suggested coronary occlusion but sufficient evidence 
was not present to W'arrant a definite diagnosis. The latter were 
divided as follows: Cardiovascular syphilis, 4; hypertension and/or 
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_ Fig. S.-Eleclrocardiogram of man, aged 64. who had recovered from occlusion of 
right coronary artery; IT wave in unconventional lead (right arm electrode at angle 
of scapula and left log electrode in place). 

arteriosclerosis, 4; myocardial disease — etiology unknown, 4; rheu- 
matic heart disease, 1 ; cerebral thrombosis, 1 ; unknown, 4. 

^ A study of the cases shownng an M or Tl^ wave suggests that an 
intraventricular conduction abnormality as a result of myocardial 
disease is responsible for its production in most cases. Its compara- 
tive frequency in cases of coronary occlusion and in patients whose 
electrocardiograms show bundle-branch block supports this tdew 
Unforfenately necropsy was performed in only 3 cases as nearly 
all of the patients died outside of the hospital, but in the 3 cases 
myocardial damage was extensive. ’ 
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From the electrocardiographic point of view, tracings showing 
an M or W shaped Q-R-S complex in Lead II can be divided into 
two groups; (1) those showing other abnormalities which have 
proven of prognostic significance, such as inverted T waves, bundle- 
branch block and complete heart block; (2) those records either 
not showing other definite abnormalities or in which the changes 
from the normal were not great. 

The prognostic significance of electrocardiograms showing inverted 
T waves in the various leads, bundle-branch block and complete 
heart block has been established. Of the 46 tracings showing an 
M or W complex in Lead II, 30 belong to this group and it is doubt- 
ful whether the M or W complex adds to their prognostic significance. 
However, the fact that the majority of records showing an M or W 
wave in Lead II are from patients who have had coronary occlusion, 
may, in certain cases showing atypical electrocardiograms, be an 
aid in diagnosis. This is especially true in cases of right coronary 
artery occlusion in whom the chest leads are sometimes normal 
and also in the chronic stages of the disease during which the electro- 
cardiographic changes may not be characteristic (Fig. 7, A and B). 

However, the importance of the M or IF complex must be deter- 
mined by study of patients whose tracings are otherwise within 
normal limits or show only minor changes to which serious prog- 
nostic significance cannot properly be attributed. Of the 16 cases in 
this group 1 showed no definite abnormality, 5 had low (but not 
inverted) T waves in a single lead; 2, significant Q-III waves, 
and 1 showed a significant Q-III wave associated with a low 
but upright ?-2, and 1 showed low Q-R-S complexes. Two cases 
showed slight slurring of the Q-R-S complexes, 1 slight elevation 
of the S-T interval, 2 showed a Q-R-S complex of 0.11 second, 
1 of which was associated vdth a Q'lH wave and 1 had a flat T-2, 
inverted T-3 and numerous ventricular extrasystoles. Eight of the 
above 16 patients died within a period of 2 years after the M or JV 
complex was first observed ; 1 patient has survived 5 years but is 
incapacitated because of pain on effort. The remainder, including 
the case with apparently no cardiovascular disease, have recently 
come under observation. 

From the diagnostic point of view. Group VI is the most import- 
ant. The patients have been more thoroughly studied and in a 
number, chest leads have been taken in an attempt to arrive at a 
more definite diagnosis. The frequency of coronary occlusion (80%) 
in this group is sufficiently great to suggest that these waves have 
some diagnostic value, their relative frequency exceeding that of the 
significant Q-HI in the anginal syndrome as noted by various studies: 
Pardee 63%,- Willius® 38%, Zisken'' 14%, wStrauss and Feldman® 
16%, France® 45%, Edeiken and Wolferth^ 29%. When significant 
Q-HI waves follow coronary occlusion they indicate infarction in 



CLINICAL SIGNIFICANCK OF THE IM OR W SILVPED Q-R-S COMPLEX 8o3 

or near the posterior part of the interventricular septum. On the 
other hand, M or W waves may be associated with either anterior 
or posterior infarction. 

The electrocardiograms of many of the patients .with coronary 
occlusion were first taken after the occlusion occurred and it is 
therefore impossible to state whether the M or W wave preceded or 
was the result of the infarction. 

However, in 2 cases (Figs. 4 and 5) in which the electrocardiograms 
were taken before and after coronary occlusion, the M or wave 
followed the ocelusion and in 1 of these cases it appeared only after 
the second occlusion. In 2 other cases in which electrocardiograms 
were taken at intervals after the occlusion, a W wave appeared after 
6 weeks in 1, and' 3 months in the other. In both cases it was not 
present in earlier or later electrocardiograms. 

The M and IT'^ waves are not, therefore, in all cases permanent 
changes and it is possible that some of the tracings in which Q-R-S 
complexes in Lead II resemble the M or W, but are not included 
because they do not confonn to the criteria stated (Fig. 2), may 
also be of equal significance, since one electrocardiogram may show 
one of these tjqies of Q-R-S complexes whereas another taken at a 
later date may show the other tjqie of coronary occlusion. 

It is also probable that a change in electrical axis may cause some 
complexes of the type shown in Fig. 2 to assume an M or W form. 
Two cases, not included in this studyf showed a slurred Q-R-S com- 
plex in Lead II which was very suggestive of an M wave in several 
complexes. In an unconventional lead, however, (right arm elec- 
trode at angle of left scapula and left leg electrode in place) an 
M or W w&ve was present throughout the tracing (Fig. 8). Both 
cases had a history of coronary occlusion; 1 patient is alive, the 
other died of pneumonia. However, the unconventional lead 
employed in these 2 cases has an axis about midway between Lead 
II and III and, although the M or W wave in these two instances 
appears significant, it is obvious that conclusions cannot be drawn, 
from the findings in 2 isolated cases. 

Complexes of the iV or W tjqie occur frequently in Lead III and 
occasionally in Lead 1. Although certain cases with undoubted 
coronary occlusion have shown an M or W wave in Lead III, com- 
plexes of this description are seen in tracings from presumably 
normal indimduals. 

Three instances of the M or IF complex occurring in Lead I have 
been observed in this study. Two of these patients had suffered 
from a coronary occlusion; 1 died 6 weeks after the tracing was 
taken,_ the second is incapacitated because of pain on effort and 
the third suffered from rheumatic heart disease with mitral stenosis 
and regurgitation. Death occurred as the result of a pulmonarv 
embolism 11 days after the taking of the tracing. 
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Summary and Conclusions. 1. An Jf or W wave in Lead II of the 
electrocardiogram having the characteristics defined in this paper 
has not been observed in tracings of 1077 presumably normal adults. 

2. It was seen 5 times (4.3%) in 116 patients with the anginal 
syndrome. After a period of 3 years, 4 of the 5 are dead, the other 
incapacitated. 

3. In 4450 unselected electrocardiograms of hospital and clinic 
patients, the M or W wave was seen in 21 tracings (0.47%). Of 
these patients 14 are dead, and 6 show clinical evidence of severe 
myocardial disease; 1 cannot be traced. The electrocardiograms of 
2 of the 6 patients who are alive show bundle-branch block, 1 com- 
plete A-V dissociation and the other 3 have had a coronary occlusion 
and are more or less incapacitated. Only 2 of this group have lived 
more than 3 years after the M or IF wave was first observed and 
both of these are incapacitated because of ]3ain on effort. 

4. Of 25 isolated cases observed during the past 2 years, 20 (80%) 
were from patients with coronary occlusion. Nine of the patients 
are dead; 13 of the remainder are from the groups suspected of hav- 
ing had a coronary occlusion, 1 suffered from hypertension and the 
2 remaining cases are obscure and in 1 of these no other evidence of 
cardiovascular disease was found. 

5. In most cases the M or W wave is probably due to an intra- 
ventricular conduction abnormality as a result of myocardial dis- 
ease. Pathologic changes were widespread in the 3 cases in which 
necropsy was obtained. It is possible, however, that a congenital 
anomaly of conduction may occasionally produce complexes of this 
type. 

6. In some cases the M or TI^ complex has been present through- 
out the entire period of observation. In others, it has been rela- 
tively transient. Its appearance time following coronary occlusion 
is variable, the range observed in serial electrocardiograms being 
1 day to 3 months. 
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1. A Textbook of Histology. Functional Significance of Cells and 
’ Intercellular Substances. By E. V. Cowdey, Professor of Cytology in 

the School of Medicine, Washington University, St. Louis. Pp- 50d; 
242 illustrations. Philadelphia: Lea & Febiger, 1934. Price, S5.M. 

2. Essentials of Histology. By Sir E. Sharpey-Schafer, F.R.S., 
Formerly Professor of Physiology in the University of Edinburgh. Thir- 
teenth edition edited by H. M. Carleton, M.A., B.Sc., D. Phil., Lec- 
turer on Histology in the University of Oxford, Research Fellow of New 
College, Oxford. Pp. 618; 721 illustrations. Philadelphia: Lea & 
Febiger, 1934. Price, §5.00. 

3. A Textbook of Histology. By Alexander A. Maximow, Late Pro- 
fessor of Anatomy, University of Chicago, and William Bloom, Associate 
Professor of Anatomy, University of Chicago. Pp. 662| 530 illustrations, 
some in colors. Second edition, completely revised. Philadelphia: W. B. 
Saunders Company, 1934. Price, $7.00. 

Among the new textbooks and new editions that annually herald the 
advent of the medical school year, those on histology are especially promi- 
nent this year. Sharpey-Schafer’s “Essentials,” wliich in a half century 
has reached the enviable distinction of 13 editions and Marimow’s fine 
volume, reflecting ably the brilliant studies of that lamented investigator, 
are now joined by Cowdry’s text, written with all the charm and freshness 
of viewpoint of that well known prolific pen. 

It would seem profitable to consider the 3 volumes together. Immediately 
one notices the effect of the world’s economic situation. The Maximow 
has been reduced by 170 pages at a saving to the buyer of $2.00. The 
English book (though costlier and larger than earlier editions) sells for less 
than the others, at a very modest price as medical textbooks go ; while Dr. 
Cowdry’s recognition of the pedagogic need for rigid selection has also per- 
mitted the attainment of a low price. This gives a cost for the 3 books of, 
1.06, 0.81 and 1.10 cents per page respectively ; and, wliile the Essentials’ page 
is smaller in size, this is balanced by the use of smaller, though legible, type. 
One would indeed be embarrassed as to which to select for the average 
student. All are excellent books, clearly written, by masters in their oivn 
particular field, all are well illustrated and printed and all have recognized 
the need for stressing the relation of form to function. Each — as is inevit- 
able, nay, even desirable— is especially strong in fields in which the author 
has chiefly labored. Thus Maximow’s sections on the blood forming and 
destroying tissues are noteworthy, whether or not one agrees with his 
decided and rather extreme ^^ews on the subject. The Cowdry volume is 
especially strong on “The Blood, the Principal Integrator” and on the endo- 
crine organs— these two sections together comprising a full quarter of the 
text. A surprismg exception, is the relatively short space devoted in the 
Essentials to the endocrine organs; here, however, the lessons on nervous 
tissues and the central nervous sj’-stem are unusually detailed, comprising 
more than one-fifth of the_ total space. It wmuld seem, then, that the decid- 
ing factor for a prospective purchaser might well depend on the field in 
which liis own chief interest lay. The illustrations are most numerous in 
the Essentials — least so in “Cowdrj’^;” the former, however, are in the more 
diagrammatic style in vogue in English textbooks, while the quality of the 
latter is unusually high, both in subject and in execution. Cowdry has 



856 


BOOK REVIEW'S AKT) NOTICES 


sensiblj' omitted the simpler, hacknejmd pictures that the student can 
eas% comprehend from his owm slides. The Maximow illustrations, less 
reduced in number from the first edition than the text, are good and more 
than twice as numerous as the Gowrdry. Too many, however, especially 
in the Special Sense sections, are “redrawm from.” or “after” other WTiters. 
"Cowdry” has a useful 21-page combined bibliography and author index; 
“Maximow” has wisely included appropriate references at the end of each 
chapter. None of these books meets the need for a reasonabty complete 
presentation of human histology — and none of them is intended to do so. 
All 3 accomplish al)lv the purpose for W'hich they W'ere wuitten. 

E. K. 


A Textbook of Pathology. By Willi.am Bold, M.D., hl.E.C.P. (Edin.), 
F.R.C.P. (Bond.), Dipl. Psych., F.R..S.C., Professor of Pathologj'^ in the 
University of Manitoba ; Pathologist to the Winnipeg Creneral Hospital, 
Winnipeg. Pp. 1017; 416 illustrations and S colored plates. Second 
edition, thoroughly revised. Philadelphia; Lea & Febiger, 1934. 
Price, SIO.OO. 

When many medical pulDlications are keeping in step wdth the times bj'^ 
retrenchments in size, it is a pleasure to find a new' edition required in the 
short space of 2 years, and to see it augmented by 100 pages and more than 
100 engra\’ings. It is also a pleasure to see that morbid anatomy, a subject 
dead onty “in the hands of those whose dull minds w’ould take the breath of 
life from the most vital subject,” requires expanded treatment after such a 
short period. In addition to really extensive revision, the foUow'ing topics 
have been added; bacterial infections, immunity and allerp^, trauma, von 
Gierke’s glycogen storage disease, lead poisoning, localization of infection, 
rhinosporidiosis, Oroya fever, causation of anginal pain, tobacco hj'per- 
sensitiveness, medionecrosis of the aorta, pneumonia in the new'bom, 
duodenitis, stasis gall-bladder, chronic Bright’s disease, renal infantilism, 
arrhenoblastoma, sw'eat gland carcinoma of the breast, lateral aberrant 
thiToid tumors, pituitarj' basophilic invasion, monocjhic leukemia, the St. 
Louis type of encephalitis, bone tumors, together with new' chapters on 
heredity and constitution and on diseases of the teeth. In a field alreadj' 
fortunate in its textbooks for students, this book has now firmty established 
itself as a leader. E. K. 


Elektrokinetic Pheno.aiena xsj) Their Application to Biology and 
Medicine. By Harold A. Abr.amson, M.D. Pp. 331; 106 illustra- 
tions. New' York; The Chemical Catalog Company, Inc., 1934. 
Price, 87.50. 

Thoroughly' qualified both as experimenter and student of the literature, 
the author has presented the subject of electrokinetic phenomena in concise 
and raadable form. It W'as observed bj' Reuss, in ISOS, “that a direct 
electric current could forcibly transport the charged w'ater molecules 
through a porous quartz or clay diaphragm.” This phenomenon is known 
as electro-osmosis. The couY'erse phenomenon, electrophoresis or catapho- 
resis, the electric transport of particles suspended in liquid, W'as observed 
but not understood by Reuss. From this beginning the author traces 
the development of the subject up to the present day. Of particular 
interest are the apphcations of electrophoresis to modern immunolo^'. 
Measurement of the change in velocity in an electric field, of bacteria and 
other cells, brought about by antibodies, has tlirown much light on the 
nature of these substances. To what extent electric charge of bacteria 
varies with wulence appears a promising field for further investigation. 
The reader is aided bj' an appendix in which the mathematical S 3 'mbols 
are collected and defined. M. McM. 



esser: die opblthalmologie des susruta, etc. . bo/ 

Lehrbuch der Inneren Medizin, Volumes 1 and 2. By Dr. G. 

Bergulvnn, with Drs. F. Stroebe (Berlin), A. Doerr (Basel), H. 

Eppinger (Vienna) , Fr . Hiller (Munchen) , G . Katsch (Greifswald) , 

L. Lichtwitz (with A. Benner) (New York), P. Morawitz (Leipzig), 

A. ScHiTTENHELM (with E. Hayer) (Kiel), R. Siebeck (Heidelberg), 

R. Staehelin (Basel), W. Stepp (Breslau), H. Straub (Goettingen), 

S. J. Thannhauser (Freiburg i. Br.). Pp. 1708; 290 illustrations. 

Berlin; Juhus Springer, 1934. Price, Rm. 45. 

Sixteen authors under the capable leadership of Professor von Bergmann 
have produced what is probably the best Gejman textbook on medicine. 
A two-volume work makes possible a more satisfactory presentation of the 
subject matter usually covered in the one volume to which all recent ./^er- 
ican texts on medicine are restricted. It permits, too, the inclusion of 
material not generally found in our textbooks. Worthy of mention in this 
regard is the introductory chapter (50 pages) dealing with such topics as the 
scope of internal medicine; the patient and liis environment; the concept 
of constitution; the principles of heredity; also the chapters on the general 
principles of infection and immunity and of the treatment of infections 
(112 pages). Emphasis and clarity are enhanced by the judicious use of 
several kinds of type: bold face, capitals, italics, with small type in addi- 
tion effecting the saving of valuable space. The illustrations, notably the 
many roentgenograms, are well done. The net result is a work that gives 
the student a broader, more philosophic viewpoint than a one-volume text 
can do, and at the same time does not swamp him in the mass of detail of a 
larger “system” of medicine. R. K. 


Bright’s Disease. A Clinical Handbook for Practitioners and Senior 
Students. By J. Norman Cruickshank, M.C., M.D., D.Sc., F.R.F.P.S. 
(Glas.), M.R.C.P. (Lond.), Senior Assistant to the Muirhead Professor 
of Medicine, University of Glasgow; Assistant Physician, Glasgow Royal 
Infirmary; Visiting Physician, Southern General Hospital, Glasgow. 
Pp. 208. Baltimore; William Wood & Co., 1933. Price, 83.75. 

“This book has been VTitten -with the object of providing the practi- 
tioner and the senior student with a short account of the clinical applica- 
tion of modern views of the nature of Bright’s disease.” ■ The bewildering 
mass of literature that has accumulated in recent years with their advances 
in knowledge of renal function and disease has created a real need for a 
digest of this material for the practitioner and student, a need which this 
excellent little volume is eminently qualified to fill. Chapters on the func- 
tions on the kidney, types of Bright’s disease, etiologj', treatment, tests of 
renal function, edema in Bright’s disease, uremia, kidney structure, and 
technical details of some methods employed in estimating renal functional 
efficiency present these topics in a concise, adequate and lucid manner. 
The book is warmlj’- recommended. R. K. 


Die Ophthalmologie des Susruta, etc. Heft 22 of Studien zur Ge- 
schichte der Medizin. By Dr. Med. et Phil. A. Albert M. Esser 
Augenarzt in Diisseldorf. Pp. 83. Leipzig: Johann Ambrosius Barth’ 
19.34. Pnce, Rm. 7.50. 

_ It is rather widely recognized that the historj' of ancient Hindu medicine 
is at the moment m a far from satisfactory condition. The labors of such 
philological historians as Reinhold Miiller and the author, each working 
to be sure, from different points of view, is-ill doubtless clarify the situation 
ere long. On account of the long and devious course of Indian medicine 
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Esser has chosen to study through various periods a cross section of the 
subject as treated various "writers — such as ophthahnologj’' in this case— 
rather than treat of the individual or his period as a "whole. This work on 
Susruta’s Uttaratantra follo"ws simOar studies by the author on tlie Bhava- 
prakasa of Bhavamisra. The translation occupies the bulk of the mono- 
graph. E. K. 


Die diatetische Behandlung der Allergie bei inneren Erkr.\n- 
KUNGEN. Bj’^-Carl Ftjnck, M.D., Chief of the Section for Allergj’" and 
Disorders of Nutrition, Elizabeth Krankenhaus, Kdln-Hohenlind. Pp. 
92. Leipzig; Johann Ambrosius Barth, 1934. Price, Rm. 2.40. 

Based on the theorj^ (unproved) that food allergy is based on an abnormal 
permeabiUty of the gastro-intestinal mucosa for unsplit protein and the 
subsequent failure of the hepatic barrier, with the further etiologic factor 
of a “can-opener, cork-screw” diet, the author propounds his therapeutic 
doctrine. While the book contains many things of practical value and inter- 
est, there is unfortunatelj’^ much that is open to question, and vehemence 
of statement often takes the place of logic. The differences of German 
diet from ours (magnified by a “Buy-German” propaganda) greatly lessen 
the value of the book for American readers. E,. K. 


Bone Growth in Health and Disease. By H. A. Harris, D.Sc. (Bond.), 
M.B., B.S. (Bond.), B.Sc. (W.\les), M.R.C.S., M.R.C.P., Professor of 
Clinical Anatomy, tJniversity College and University College Hospital, 
London; Hunterian Professor and .^Gris and Gale Lecturer of the Royal 
College of Surgeons, etc. Pp. 248; 201 illustrations. New York; Ox- 
ford University Press, 1933. Price, $10.50. 

Divided into three parts this monograph covers; I. Arrest of bone 
gro"wth in systemic disease; II. Correlation of radiological appearance and 
histological structure of bone ; III. Recent investigations in bone growth. 

The treatise is interestingly "written and well illustrated. The investi- 
gative data are. not always convincing nor are the conclusions at all times 
well founded. G. W. 


The Chejustrt of the Hormones. By Benjajiin Harrow, Ph.D., 
Associate Professor of Chemistry, College of the City of New York, and 
Carl P. Sher"v\hn, D.Sc., M.D., Dr.P.H., on the Staff of St. Vincent’s 
Hospital and French Hospital, New York City. Pp. 227. Baltimore; 
The Williams & Wilkins Company, 1934. Price, $2.50. 

So much "work has been- done recently upon various hormones that even 
research workers in tliis fidd find it difficult to keep up "wdth more than 
their o"wn specialized interests. One need only mention the constantly 
growing list of pituitary hormones and their relationship to the gonads, 
thjwoid and adrenals to realize that new information has been gathered 
so fast that confusion was unavoidable. A short monograph which sums 
up the isolation, chemistry and assay of the recognized hormones is, there- 
fore, both timely and valuable. 

The work is dhdded into nine chapters wliich cover the hormones of 
the thjToid, parathyroid, pancreas, pituitary, adrenal, testis, ovary, duo- 
denal mucosa and plant tissues. The authors are to be congratulated upon 
a judicious choice of material, resulting in lucidity wliich would otherwise 
be impossible to attain. The bibliographies at the end of each chapter 
are more than adequate. 



POLITZER: PATHOLOGIE DER MITOSE 


859 


Although no more is claimed for the monograph than “ a praclical hoo^— 
a book of use to the laboratory worker who wishes to prepare active hor- 
mone fractions, or to isolate a chemically pure hormone,’ the Reviewer 
feels that also the clinician, mainly interested in hormones from the stand- 
point of therapy or diagnosis, may derive a clearer view of these substances 
from a knowledge of their preparation and chemistry. D. D, 


Brucella Infections in Animals and Man. By I. Forest Huddleson, 
Department of Bacteriology and Hygiene, Michigan State College. _ In- 
troduction by Ward Giltner, Dean, Division of Veterinary Medicine, 
Michigan State College. Pp. 108; 24 illustrations, 2 in colors. New 
York: The Commonwealth Fund, 1934. (No price given.) 

The growung recognition of the importance of Brucellosis (infectious 
abortion, undulant feverl in human and veterinary medicine makes this 
monograph especially timely. The topics covered are: a brief history of the 
three species of Brucella; descriptions of morphology, staining and cultural 
characteristics; methods of isolating the organisms; the pathology of Bru- 
cella infections; diagnostic methods (agglutination, skin tests and opsonic 
activity) ; and methods of differentiating the species of Brucella. There is 
a bibliography of 188 titles and an index. The book is well written, state- 
ments are brief, directions clear and illustrations well chosen, 

H. R. 


S^:cr6tion Interne et Regenbrescence. By N. E. Ischlondsky, M.D. 
Pp. 336; 72 illustrations. Paris: G. Doin et Cie, 1933. Price, 90 fr. 
Inserted just before the preface are over three pages of corrections of 
typographic errors. Thirty pages would not suffice to list the multitude of 
fallacies and absurdities of the text. R. K. 


The Management of Fractures, Dislocations and Si'rains. By John 
Albert Key, B.S., M.D., Clinical Profe.ssor of Orthopedic Surgery, 
Washington University School of Medicine; Associate Surgeon, Barnes, 
Children’s, and Jewish Hospitals, St. Louis, and H. Earle CoNwraLL, 
M.D., F.A.C.S., Orthopedic Surgeon for the Tennessee Coal, Iron and 
Railroad Company, Birmingham, Alabama, etc. Pp. 1164; 1165 illus- 
trations. St. Louis: The C. V. Mosby Company, 1934. Price, §15.00. 
Probably no recent book covers the field of fractures and joint traumata 
so thoroughly. The book is of particular valde in that it is composed en- 
tirely of the personal experience of two surgeons who have had the oppor- 
tunity to handle an enormous number of cases. The details of treatment 
are personal and not encyclopedic; the illustrations are good and the general 
composition of the book satisfactory. q -^y 


Pathologie DER MiTOSE. By Georg Politzer, Privatdozent der Embn^o- 
ffigie an der V lener Universitat. Band 7 of Protoplasma-Monographien. 
ip. 113 illustrations. Berlin: Gebriider Borntraecer, 1934 

Price, Rm. 16.20. 

This useful booklet adequately brings together in a smaU but important 
field information not otherwi.se readily available. Under the headings • Mor- 
phologj- (pyknosis, rhexis, polarization and cytoplasmic changes) Changes 
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in Rhythm of Dmsion, Cell Division in Carcinoma and in Hybrids, Actinic 
and Chemical Effects, The Problem of Specificitj'', the various abnormalities 
of cell dmsion are sj’^stematically presented bj’^ one vhose indmdual con- 
tributions to the subject has been not inconsiderable. A fifteen-page 
reference list facilitates more extensive study. The sections must be read 
in detail to be comprehended, both on account of the nature of their contents 
and as no summary is presented of the many observations or the conclusions 
to be dravm from them. E. K. 


The Teaching of PRETONrnm Medicine in Europe. (University of 
London Heath Clark Lectures, 1932, delivered at The London School 
of Hygiene and Tropical Medicine.) Bj’- Cabl Pr.ausnitz, M.D. (Bres- 
lau), M.R.C.S. (Eng.), L.R.C.P. (Lond.), Professor of Hygiene in the 
University of Breslau. Pp. 180; 37 illustrations. New A'ork: O.xford 
University Press, 1933. (Price not given.) 

This little volume contains the Heath Clark Lectures delivered at The 
London School of Hygiene and Tropical Medicine by one of the foremost 
authorities on Preventive hledicine. The contents dmde themselves into 
two parts: the historj’’, pliilosophy and outlook of the whole preventive 
medicine movement, and a well chosen summarj’- of the activities in the 
fields of practical hj'-giene and preventive medicine teaching in the several 
European countries. 

Although the introduction mainly concerns itself with the first of these 
objectives, the other chapters setting forth the_ detailed program in each 
countty are also flavored vdth the mature philosophy and conservative 
criticism of this distinguished author. 

Professor Prausnitz rightly points out that there should be two types of 
training available for the future of Preventive Medicine: the training of 
the specialist who would pursue a career concerned vdth the practical appli- 
cations' of the State’s share in the fij’^giene program, but even more impor- 
tant the imbuing of ever}'' prospective physician with the broad principles 
of modern Preventive Medicine so that he may apply these principles to 
every case in liis future practice. The volume is recommended for those 
who desire another authoritative discussion of the methods used in European 
countries to insure health and sanitation and to teach the newer philosophy 
of Preventive Medicine. E. T., Jr. 


Cr.aniocerebrale Schemata pur die RdNTGENOGR.APHiscHE Lokalis.v- 
TiON. By Prof. Dr. A. Schuller, Consiliarius am Zentral-Rontgen- 
Institut des allg. Krankenhauses in Wien, und Dr. H. Urban, Assistent 
der Psychiatrisch-neurolo^schen Universitats-Klinik in Wien. Pp. 8; 
17 figures and 1 celluloid stencU. Leipzig: Franz Deuticke, 1934. 
Price, M. 4. 

In this pamphlet the authors describe a method for the roentgenographic 
localization of intracranial lesions and the detennination of the relationship 
of pathologic processes of the calvarium to the surface of the underlymg 
brain. The method is briefly and clearly described. The necessarj’’ cross- 
section and surface dra'wings of the brain and skull and a celluloid stencil 
required to cmploj' this method of localization are supplied vdth the descrip- 
tion. The method is exceedingly simple and would appear to be, as 
stated by the authors, sufficiently accurate for all practic.al purposes. 
The procedure is one that can be readil}’- employed in any Roentgen labora- 
toiAq as the technique, with slight modifications, utUiz'es the usual ^dews 
employed in head radiography. The method is recommended to those 
interested in the localization of lesions capable of demonstration by the 
Roentgen ray. ^ K. K. 
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Epidemic Myalgia. Bornholm Disease. By Ejnar Sy^tsst M.D. 
With a Foreword by Dr. Th. Madsen, Director of the Danish btate 
Serum Institut, 'Copenhagen. Translated from the Damsh by Hans 
Anderson, M.D. Pp. 155. Copenhagen: Levin & Munksgaard, 1934. 

Price, D. Cr. 8. . . , V j 

About 10 years ago our Atlantic Seaboard was visited by what appeared 
to be a new disease with such strikingly painful symptoms that it attained 
prominence in the newspapers as “devil’s grip;’’ in medical journals as 
epidemic pleurodynisi. This monograph treats of the same disease^ under 
the name of epidemic myalgia, and traces its course through Scandinavia, 
England, Germany and North America, since its first recognized appear- 
ance in Iceland in 1856. A disease that has numbered over 10,000 ^^ctims 
in Denmark alone in recent times, even though not threatening to life, is 
well worth the attention here given to it. E. K. 


The Life of Sir Robert Jones. A Biography of the World’s Greatest 
Orthopedic Surgeon, the Friend of Crippled Soldiers and Children. By 
Frederick Watson. Pp. 327; illustrated. Baltimore: William Wood & 
Co., 1934. Price, S3.75. 

After reading this gloving biography, it is hard to decide whether 
Robert Jones was greater as a scientist or as a man. Richly endowed 
intellectually and vith the good fortune to come early under the influence 
of the great H. 0. Thomas, Jones’ genius was weU prepared to utilize the 
unequaUed opportunities of the war to advance knowledge of orthopedics 
to a position far bej'^ond its previous status. Americans have good reason 
to be grateful for the invaluable training that he gave their orthopedists 
at this critical time. A higluhinded, optimistic humanitarian, “only 
easy-going so long as his principles were unchallenged,” righteously indig- 
nant on occasion, but by nature patient and humorous, these are the 
qualities that will be recalled by his friends and patients. The story of 
this great life is divided into a Prelude (1857-1891); Consolidation (1891- 
1914); the Disabled Soldier (1914-1920); Harvest (1920-1933). The 
inspiration that it carries for the young medical man is hard to overestimate. 

E. K. 


Applied Physiology. By Samson Wright, AI.D., F.R.C.P., John Astor 
Professor of Physiology, University of London. Pp. 604; 195 illustra- 
tions, 1 colored plate. Fifth edition. New York: Oxford University 
Press, 1934. Price not given. 

This edition maintains the former purposes of this book of describing 
physiology from the laboratory and scientific standpoint and of adding 
to each subject the applications of the facts and principles to clinical medi- 
cine, explaining the signs and symptoms as far as possible. The author 
has made material changes to no less than forty subjects and has added a 
great manj’’ illustrations. The book is to be recommended for students but 
will be perhaps most helpful to the clinician to explain the physiologic 
reasons for the sjnnptoms and signs of a particular case. The teacher of 
clinical medicine might well peruse_ the appropriate pages before giidng his 
lecture. No ^bject that is truly important in human medicine has been 
overlooked. The physiologj' of the nervous system is perhaps treated idtli 
unnecessa^’’ length but, at all events, the author shows the relationship 
between the functions and anatomy of different parts as correlated and 
Harmonized through the nervous connections. The author continues to 
use the glossary of mternational anatomic nomenclature, the so-called 
13. A. A so that terms unusual to the readers in the United States may be 
rasily found. Indeed, some places in the text he uses both terminologies. 
1 Ins new edition is a welcome one on the shelf of the practical and labora- 
tory medical man. tt 
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tively 'witli effects on the skin, the eye, the circulatory system, the blood, 
and body temperature, respiration and blood reaction. Photodynamic 
sensitization is discussed at some length and the effects upon microo^an- 
isms, toxins, proteins, enzymes, etc., are dealt with in an adequate fashion. 
The chapter on the physics of radiant energy includes brief descnptions of 
methods of measurement and an extended account of the spectral distribu- 
tion of the energy from various artificial sources and of the solar radiation 
incident at various places and under various conditions. The mechanism 
of physiological action of the radiant energy is covered in nine pages, which 
fact strikingly emphasizes the present paucity of our knowledge of this 
essential subject. The primary aim of the author has-been, not to write a 
critical review, but to compile a source book. In this role his volume should 
prove very useful. It* Z. 


NEW BOOKS. 


Physiology in Health and Disease. By Caul J. Wiggehs, M.D., Professor 
of Physiology in the School of Medicine of Western Reserve University, 
Cleveland, Ohio. Pp. 1156; 182 illustrations. Philadelpliia; Lea & 
Febiger, 1934. Price, .$9.00. 

Benjamin Rush. Physician and Citizen (1746-1813). By Nathan G. 
Goobman. Pp. 421; illustrated. Philadelphia: University of Penn- 
sylvania Press, 1934. Price, .$4.00. 

The Radiology of Bones and Joints. By James F. Brailsford, M.D. 
(B’ham.), M.R.C.S. (Eng.), Radiological Demonstrator in Living Anat- 
omy, the University of Birmingham, etc. Pp. 500; 310 illustrations. 
Baltimore: William Wood & Co., 1934. Price, $9.00. 

Franklin Paine Mall. Anatomist. By Florence Rena Sabin. Pp, 342; 
6 illustrations, Baltimore: The Johns Hopkins Press, 1934. Price, $2.75. 

Lincohi’s New Salem. By Benjamin P. Thomas. Pp. 128, illustrated. 
Springfield, 111.: The Abraham Lincoln Association, 1934. Price, SI. 00. 

Sex-Hygiene. BJiat to Teach and How to Teach it. By Alfred Wor- 
cester, A.M., M.D,, Sc.D., Henry K. Oliier, Professor of Hygiene, 
Harvard University. Pp. 134. Springfield, III.: Charles C Thomas, 
1934. Price, $2.50. 

Conception Period of Women. By Dr. Ktusaku Ogino, Head of the Gyne- 
cological Section of Takeyama Hospital, Niigata, Japan (Nippon). 
English Translation by Dr. Yonez Mfi-agawa, Director of Government 
Institute for Infectious Diseases, Tokyo Imperial University, Hongooku, 
Tokyo, Japan. Pp. 94; 22 tables. Harrisburg: Medical Arts Pub- 
lishing Companjq 1934. Price, $1.00. 

Cataract. Its Etiologj’- and Treatment. By Clyde A. Clapp, M.D,, 
F.A.C.S., Associate Professor of Ophthalmologjq Johns Hopkins Uni- 
versity; Professor of Ophthalmologjq University of Maryland, etc. Pp. 
254; 92 illustrations. Philadelphia: Lea & Febiger, 1934. Price, $4.00. 

Sj/nopsis of Geniioxirinary Diseases. By Austin I. Dodson, M.D. FACS 
Richmond, Yirginia. Pp. 275; 111 illustrations. St. Louis: The C v’. 
iMosby Company, 1934. Price, $3.00. 

Studies in Blood Formation. By T. D. Power, M.D., M.R.C.P. D P H 
D.P.M., Deputy jMedical Superintendent, Brentwood Mental Hospital’ 
J p. 124; 25 illustrations. London: J. and A. Churchill, Ltd.. 1934 
Price, 8s. Gd. ' ’ 


The Doctor in History. By Howard W. Haggard, Associate Professor of 
Applied Physiolo©- ni ^ale University. Pp. 408; illustrated. New 
Haven: lale Lnivcrsity Press, 1934. Price, $3.75. 
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Krebs iin Lichte .biologischer tmd vergleichend ariaio7n7scher ForscJnmg. By 
Med. Dr. Josef L. Hartschneideh, Lintz a. d. Donau. Volume 2, No. 1. 
Albuminoide, Schilddriise, Kropf, Hj^popl^se, Eierstock, Adenosis. Pp. 
94; 19 illustrations. Leipzig: Franz Deuticke, 1934. Price, Rm. 5, 
S. 7.50. 

The Patient and the Weather. Yol. 3 Alental and Nervous Diseases. B}' 
WiLEiAJi F. Petersen, M.D., with the assistance of M.arg.aret E. 
h'liLLiKEN, S.hl. Pp. 375, lithoprhited; 192 illustrations. Ann Arbor: 
Edward Brothers, Inc., 1934. Price, S5.00. 

The Cyclopedia of Medicine, Volumes 11 and 12. George Morris Piersol, 
B.S., M.D., Editor-in-Chief, and Edw.a.rd L. Bortz, A.B., hl.D., Assist- 
ant Editor. Chief Associate Editors: W. W.a.tne B.abcock, A.hl., M.D., 
Conrad Berens, M.D., P. Brooke Bland, M.D., Francis L. Lbdeeer, 
B.S., AI.D., A. Gr.aeme Mitchell, M.D. Pp. Vol. 11, 1111; Yol. 12, 
1004. Illustrated with half-tone and line engraidngs, also full page 
color plates. Pliiladelphia: F. A. Da\ds Company, 1934. Price, S120.00 
set. (Review, p. 862.) 

NEIY EDITIONS. 

Rules for Recovenj from Ptilmonary Tubercidosis. A Layman’s Handbook 
of Treatment. Bj’- L..vwr.a.son Brown, M.D. , Saranac Lake, N. Y. Pp. 
275. Sixth edition thoroughly reidsed. Philadelphia: Lea & Febiger, 
1934. Price, 81.75. 

Applied Anatotny. By Gwiltm G. Davis, M.D., Late Professor of Ortho- 
pedic Surgery and Associate Professor of Applied Anatomy in the Uni- 
versit}' of Pennsylvania. Pp. 717; 674 illustrations, man}’- in colors by 
Ervtcn F. Faber. Ninth Edition, reset, reillustrated and completely 
rewsed by George P. Muller, M.D. Assisted by Drs. B. J. Alters, 
R. A. Kimbrough, Jr., S. IV. Moorhead, I. S. Ravdin and S. D. Weeder. 
Pliiladelphia; J. B. Lippincott Compan}', 1934. Price, 89.00.' 

Practical Obstetrics. By P. Brooke Bljustd, M.D., Professor of Obstetrics, 
and Thaddeus L. Montgomery, M.D., Associate in Obstetrics, Jefferson 
hledical College, PhiladelpEia. Pp. 730; 516 illustrations, including 21 
colored plates. Second edition. Philadelphia: F. A. Davis Company, 
1934. Price, 88.00. 

The evident need for a medium size volume on obstetrics is manifested in the 
early appearance of a second edition of this excellent textbook. The teaching is 
modem but conservative, and stress is laid upon the practical aspects of the sub- 
ject, especially as regards hygiene and home obstetrics. 

A Ma7i2ial of the Practice of Medicine. By A. A. Stbiens, A.M., M.D., 
Honorarj’- Consulting Physician to the Pliiladelphia General Hospital; 
Consulting Plwsician to St. Agnes Hospital, Philadelphia. Pp. 685; 15 
figures. Thirteenth edition, revised.^ Philadelphia; .W. B. Saunders 
Company, 1934. Price, 83.50. 

That it has reached its thirteenth edition is the best e^-idence of the popularity 
of this excellent little manual. 

Allei-gy and Applied Immunology. By Warren T. Vaughan, M.D., 
Riclimond, Va. Pp. 420 ; 23 illustrations, 36 tables and 18 charts. 
Second edition. St. Louis: The C. V. h'losby Company, 1934. Price, 
85.00. 

-An excellent book for general practitioners, students, and patients. There has 
been added a very useful appendix with diet lists, recipes, food diaries, and the like. 

Diabetic Maiiual for Patients. By Henry J. John, M.A., hl.D., F.A.C.P., 
Ma.t. M.R.C., Director of the Diabetic Department and Laboratories of 
Tlie Cleveland Clinic. Pp. 232; 47 illustrations. Second edition. St. 
Louis : Tlie C. V. IMosby Compan}^ 1934. Price, 82.00. 
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TRAUMA OF THE CENTRAL NERVOUS SYSTEM. . 

The increasing frequency of injuries to the central nervous system 
associated as it is vith the high speed of modern life has presented a 
most important problem in the practice of medicine. The mechaniza- 
tion of our daily life, both in transportation and in industry, has been 
attended by increasing hazards which have taken an unusual toll in 
injuries to the brain and spinal cord. That there should still be consid- 
erable difference of opinion in regard to the various features of this 
problem is not remarkable when we consider tliat the tremendous 
increase in the incidence of brain injuries has been paralleled by an 
equally tremendous change in the concepts of neuropathology, neuro- 
physiology, neurosurgery, and psychobiology. This review Yvill con- 
sider these various concepts. 

Pathology. — Winkelraan and EckeP review the extensive literature 
in this field, especially during the early stages, and present the results 
of tlreir own investigations. They report that the brain of the patient 
who dies hours after a severe head trauma often shows a subarachnoid 
hemorrhage with maceration of the brain on the under surface of tlie 
frontal and temporal lobes. They believe tlris to be due to the lack of 
an adequate water bed between these parts of the brain and the base of 
the skull. Gross hemorrhage in the brain substance is fairly common 
with contusion or maceration of the tissue in the immediate neighbor- 
hood. The hemorrhage, far more frequently than is thought, is due 
to coufrc-coup. Subdural bleeding is a less frequent finding and epi- 
dural hemorrhage comparatively rare. On section, aside from gross 
hemorrhages, contusion and maceration, intense congestion, edema and 
petechi.'e are frequently encountered. The latter are frequently limited 
to the subcorticid white matter as in various infections, intoxications 
and blood dyscrasias. The onset of edema increases the damage to the 
brain. In accord with Apfelbach, they do not find edema jircsent 
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within the first several hours or after the third day. Wlien edema does 
occur, there is interference vdth the blood supply to the brain vdth sub- 
sequent ischemic changes in the ganglion ceils and areas of focal necrosis 
similar in every way to the areas resulting from obstruction to the min- 
ute bloodvessels from any cause (arteriosclerosis, severe infections and 
intoxications). The development of pial-cortical adhesions could be 
traced from the beginning as the result of subaraclmoid hemorrhages 
and secondary reaction. There appeared to be conAuncing evidence 
in the brains of patients vdth severe head trauma, especially those in 
whom unconsciousness had been prolonged, that most of those patients 
have organic changes in the brain which explain the post-tramnatic 
sjTnptom complex usually characterized as “traumatic neurosis.” 

Rand and Courville,® have investigated the cellular reactions follow- 
ing injury. The miproglia exliibit changes depending on the severity 
and age of the injury. Occurring soon after injury they show as vacuoli- 
zation, mitotic and amitotic cell division, swelling of the major processes 
and transitional changes, including the formation of fat granule bodies. 
The authors agreed with the experimental observers^ that the micro- 
glia exercise a phagocji;ic role, the acti\dty of which is mainly focal, 
confined to the place of lesion. In contrast, the role of the oligodendro- 
glia is usually general. The early changes are the acute, more or less 
imiform swelling in all portions of the brain and may occur promptly, 
observed for instance in a person killed outright. Of the classic neuro- 
glia, they found tliat in the first few days following traiuna, the astro- 
cj>tes in the immediatelj’- adjacent area undergo regressive changes ivith 
the formation of ameboid-glia. In the zone nearest the point of injury, 
the cells undergo complete destruction. Beyond this zone, active 
proliferation takes place. Gliosis occurs only as a result of tissue destruc- 
tion, consequently remains a purely local affair. From their studies, 
they express the belief that the remote clinical sequelte of injuries are 
largely to be interpreted on the basis of focal and distant cortical injuries 
and not from generalized gliosis. 

In the production of the cerebral damage by contrc-coup injm'y, 
interesting observations have been made by Le Count and Apfelbach^ 
and Vance.® They demonstrated that contrc-coup lesions occur only 
when the patient’s head is injured while in motion. In such cir- 
cumstances, the brain lags beliind and is most closely applied to the 
after-coming portion of the skull. The skull is flattened at the point of 
impact and the brain immediately beneath is directly injured by this 
local application of force. In addition, however, because the axis of 
the skull is abruptly shortened at right angles to the plane of impact 
and because the brain is most closely applied to the bone directly oppo- 
site the point of impact, the most severe injury occurs at tiffs place. 

The management of patients suffering from the immediate effects 
of cerebral trauma is dependent upon two principal \dews of intra- 
cranial pressure relationships. In the opinion of Russel,® “It is impor- 
tant to bear in mind that a degree of increase of intracranial pressure 
pro\-ides a powerful means of controlling hemorrhage from torn capil- 
laries and veins. In tiffs way cerebral edema may prevent hemorrhage 
and correspondingly, the artificial reduction of intracranial pressure, 
may aggravate it.” In Dandy’s^ opinion, also, the immediate effect of 
trauma to tlie brain is the same as in any other soft tissue, mainly 



NTSUROLOGY AND PSYCHIATRY 


867 


swelling due to hemorrhage and edema. Nature’s method of combating 
this increased volume in the closed cranial cavity is to udthdraAv nmd 
from the ventricular and subarachnoid systems and send it into the 
blood. The evidence of the state of balance existing between tins 
increasing pressure and Nature’s efforts to compensate for it, is to be 
found in the clinical observation on (1) the state of consciousness, 
(2) restlessness, (3) involuntary micturition or defecation, (4) rate and 
quality of the pulse and (5) respirations, and (6) the temperature. 
Of these the state of consciousness is the most important of all objective 
data. If a patient is unconscious, he has intracranial pressure beyond 
a certain degree of compensation wliich may be considered the margin of 
safetJ^ Likewise, restlessness, a labile and increasing pulse; rapid, 
shallow and irregular respiration and a temperature above 101.5° or 
102° F., are signs indicative of a failing compensation in intracranial 
pressure relationsliips. In accord with this view. Dandy states that 
“the only treatment up to a certain point in acute injuries is absolute 
rest.” If after a period of 5 to 6 hours, consciousness improves or 
remains unchanged and the other signs remain vnthin the limits of 
compensation, recovery will probably be spontaneous. If after tliis 
arbitrai’y period coma deepens and other signs indicate a break in 
compensation, recovery is practically impossible except for constant 
relief of pressure whieh can be obtained only by a subtemporal decom- 
pression. 

An opposing viewpoint is presented by Munro,® who cites the work 
of Cushing,® Forljes^® and Forbes and Wolff. “ They demonstrated that 
following a rise in intracranial pressme there is a slowing of the blood 
flow in and dilatation of the veins and arteries, the circulation being 
maintained (without increase in the systemic blood pressure) by a rise 
in pressure in the cerebral capillaries, arterioles and smaller arteries. 
Follondng a further rise in intracranial pressure, the cerebral circulation 
is then reestablished. This compensation may occui’ by steps. Such 
slowing of the capillary circulation is equivalent to anoxemia applied to 
the tissues of the Ijrain generally. Depending upon the degree and the 
length of time it is present, there is a proportional cellular destruction, 
petechial softening, edema, further stasis and stagnation and capillary 
hemorrhage. Small areas of destruction ma}’" coalesce into larger areas 
with further sjrreading edema and fiuther rise in intracranial pressure. 
These and further observations show, in Mum-o’s opinion, “ that cere- 
bral venous and capillarj" pressm’es are approximately equal to intra- 
cranial (cerebrospinal fluid) pressure and they rise and fall witli it. 
Ihis high intracranial pressure cannot cause hemostasis without causing 
anoxemia^ and necrosis of the brain. By the same token lowering a high 
intracranial pressure by lumbar puncture decreases venous bleeding, 
because the venous pressure falls with the lowering of the cerebrospinal 
fluid pressure. The venous pressure is lugh because the intracranial 
pressure is high. Arterial pressure is rarely a factor since it is not 
anccted until the intracranial and cerebral venous pressures approach 
arteria diastolic pressure, i c., 900 to 1100 mm. of water. Ob^^ously 
arterial bleeding can never be checked by increased intracranial pres- 
.sure; capillary stasis and death would take place long before such an 
intracranial pressure (1000 to 2000 mm. of water) could act on the arte- 
■ rial .stream. 
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In keeping with tliese views, the treatment of acute injury rests 
upon measures designed to reduce the intracranial pressure by the 
artificial reduction of brain volume and the removal of excess fluid. 
The fundamental treatment of the patients reported by 'Munro con- 
sisted of a combination of therapeutic dehydration and decompression 
by lumbar drainage. For dehydration, 50%, glucose intravenously, 
repeated once or tnfice if necessarj’-, and a saturated solution of mag- 
nesium sulphate by rectum, repeated every 3 or 4 hours for 3 or 4 
doses, were the measures used. Repeated lumbar drainage checked by 
manometric readings prondes a means of remo\dng excess fluid and of 
measm'ing the effectiveness of the other procedures in the control of intra- 
cranial pressure. Dehydration is properly limited to cases of edema or 
to use as a preliminarj" emergency treatment in cases of contusion and 
laceration. Lumbar puncture is suitable, however, for all three tj’pes 
of uncomplicated brain injuries. The edema is relieved because, witli 
the reduction of intracranial pressm-e to normal, the venous congestion 
is corrected and the reactivated circulation allows the partially damaged 
asplijodated cells to recover as much as possible. The excess intra- 
cellular and perivascular fluid is then absorbed and the brain volume is 
thus returned to normal. In contusions and lacerations, tire excess un- 
absorbed fluid is mechanically removed together with a small amount of 
free blood and the meningocytes, if the drainage be repeated often 
enough, are aided in the uncorking of the absorptive channels ifi the 
arachnoidal villi. In those cases that are not immediately fatal, this 
treatment is expected to cause a progressive improvement in the 
patient’s signs and symptoms. If tlus does not occm- and toxic dehy- 
dration and meningitis can be ruled out, exploratory bilateral temporal 
trephine is considered indicated. This serves to eliminate the possi- 
bility of sub- or extradural hemorrhage or of one of the’ rarer forms of 
brain injury.- 

Although Russeh contends that morpliin is “useful and can appai’- 
ently be given without danger,” there is general agreement^- ® tliat its 
use is hazardous as it masks sjTuptoms and tends toward respiratory 
depression. Also, the meager information given bj’’ the Roentgen rays 
in regard to the true condition of the patient rarely warrants the dis- 
turbance of the patient’s rest to make tliese examinations. 

In considering the late effects of head trauma there have been several 
contributions during the past year. Straus and Savitsky'- in an exten- 
sive review direct attention to tlie organicity of the so-called post- 
concussion sjmdrome. They deplore the attitude of hostility evidenced 
by the general medical profession toward tlie patient who exliibits 
personality changes after head trauma. They emphasize the necessity 
of preseri-ing objectivity and the spirit of clinical investigation in the 
cases of patients who present simiptoms ■which are confusing in tlie- 
picture of common syndromes. They direct attention to a scheme of 
procedure which utilizes modern metliods of investigation in establish- 
ing the nature of post-traumatic reactions. Of first importance is a 
careful exhaustii e neurologic examination. Recently so much stress has 
been put on psychologic and social factors in the nervous symptoms 
that adequate neiu’ologic examination has been neglected. Attention 
to detail with especially complete investigation for slight defects which 
may indicate focal le-sions will result in fewer reports of “negative 
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neurologic findings.” Psychologic and psychiatric surveys should like- 
wise be more complete than simply limited interviews. Careful studies 
of the conscious processes (the nature of the intellectual processes, the 
quality of the sensory experience and the status of the volitional ten- 
dencies), should be made. The ready fatigability, emotional labihty, 
difficulty in thinking and mild symptoms of mental defects are recog- 
nized as early symptoms in such organic psychoses as early dementia 
paralytica, cerebral arteriosclerosis and brain tumor but are frequently 
ignored or attributed to simulation when observed as part of the post- 
traumatic reaction. The use of the special techniques developed in the 
psychologic laboratories by wliich memory, fatigability, learning ability, 
etc., are investigated, have proved helpful both diagnostically and in 
suggesting at times practical methods of rehabilitation. The commonly 
used intelligence test, the Binet-Simon, and the performance test are 
of value only if there is the control of a comparable test before the 
trauma. Too much emphasis has, they believe, been placed in the past 
upon the necessity of establislung the presence of intellectual defects 
in cases of organic disease of the brain. The defect may be largely 
limited to the affective sphere. There may be no difficulty in solving 
simple arithmetical problems, but there may be impairment of judgment 
in the sense of inability to evaluate ethical and social problems, lack 
of earnest relation to reality, loss of interest and initiative and other 
defects in the volitional processes. 

The extensive distribution of the visual pathways through the brain 
has lead tliese authors to attach .especial importance to complete 
ophthalmologic surveys. Extensive defects in the fields may exist 
without any complaint. Consequently, complete studies of the visual 
fields including the color fields must be carried out. The usual approxi- 
mate tests made in office practice are not sufficient but complete study 
using a correct technique, proper illumination, tangent screen, etc., must 
be made. Ring scotomas have been frequently described after head 
injury and. the suggestion is made that these may be due to the fatig- 
ability which runs through tlie whole clinical picture of the postcon- 
cussion state. 

The frequency of dizziness as a complaint indicates the need of a 
thorough study of the vestibular and auditory functions. Lithicun and 
Rand’^ found abnormal responses to vestibular tests in all of 36 patients 
who complained of post-traumatic dizziness. Five of these patients 
were neurologically normal. By using the audiometer, Groves''* found 
some degree of deafness in 31 of 42 patients with head injuries. Twelve 
of the patients might easily have passed for persons with normal hearing. 
These patients showed so called patchy tone gaps. 

The use of encephalography is advocated by Straus and Sa\ntsky 
as well as bj' others'^ as gi^^ng definite information of changes in the 
brain. Despite the absence of normal controls, the distortions of the 
ventricular system, basal cisterns and cortical markings are such that 
if adequate care has been taken to follow a uniform technique in the 
encephalographic procedure, much valuable information may be secured 
in regard to the site of lesions. Penfield directs attention to the thera- 
peutic value of encephalography in post-traumatic headaches. His 
explanation is that the air serves to break up adliesions in the pia- 
arachnoid. 
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In evaluating tlie evidence of organic injury, Kennedy’® gives the 
following criteria; 

A. Absolide Criteria: 1, Roentgene^'idence— skull fracture; 2, bloody' 
spinal fluid; 3, bleeding from the orifices, especially from the ears; 
4, focal cerebral palsies. 

B. Presumptive Criteria in the Order of Their Importance: 5, Convul- 
sive states proved to be post-traumatic; 6, ventricular distortions proved 
to be post-traumatic; 7, history of prolonged unconsciousness; 8, history 
of adequate trauma with expecial consideration of the occurrence of 
vomiting following the injury. These units are in a real sense measur- 
able, he states, and are instruments for establishing the fact of brain 
injury. The first four units, together with Nos. 7 and S, can be deter- 
mined with accu^acJ^ Convulsive states are often complained of but 
are not alwaj^s readily seen. One may satisfy oneself of their reality 
by provoking an attack in many instances by cocain or hyperventilation ; 
tins evidence is of value when positive. Headaches and dizziness are 
well nigh imponderable factors after head injury. However, if they 
persist for more than 4 months in a man under 60, ununited to any of the 
first seven premises of brain injury, they are to be regarded as suggested 
neuroses imfounded in structural change. 

The symptomatology of head injuries has been studied’ more carefully 
from, a nemologic than from a psycluatric point, of view. Since the 
important paper by Meyer’^ there have been few detailed psychiatric 
studies. Schilder’* examined 35 cases suffering from severe head injur- 
ies utilizing newer psychologic apparatus in an effort to correlate symp- 
tomatology and psychophysiologic mechanisms. He emphasizes the 
significance of extensive periventricular hemorrhage in the final elabor- 
ation of tlie disturbance in the memory, in the judgment and in tire 
Ivorsakow’s pictures. Straus and Savitsky’” distinguish three types 
of psychogenic disturbances following trauma, the Terror neuroses. 
Psychoneurosis precipitated by trauma, and Secondary psychologic 
elaborations. The terror neurosis is the direct reaction to the sudden 
tlireat to ego integrity, the psychosomatic response to the overwhelming 
of the indixddual by impending calamity. It is not often seen in head 
injuries for the automobile and industrial injuries happen so suddenly 
that there is little time for the patient to be impressed by tire terrifying 
prospect of impending destructions. The psychoneurotic syndromes 
usually appear immediately after the injury and their further course 
hardly differs from that of the usual psychoneurotic except for the pres- 
ence of the compensation problem. The secondary psychologic elabor- 
ations are frequent. They appear superimposed on organic sequelse and 
usually disappear after satisfactory financial settlements even though 
the organic sequelae persist. , 

Hall and Mackay”® believe that the post-traumatic neuroses do not 
differ in any essential way from most otlier non-traumatics neuroses. 
The majority of tliese neuroses fall into one of tlrree groups: Post- 
traumatic Neurasthenia, Post-traumatic Anxiety Neurosis and Post- 
traumatic Hysteria. They point out that there must be some pre- 
e.xisting factor present to determine the development of tire 'nenrosis. 
The fact that great numbers of patients who have received tire most 
severe injuries do not develop a neurosis, while in others the slightest 
injiuy suffices to precipitate a severe nervous state, suggests strongly 



PHYSIOLOGY 


871 


that people who develop post-traumatic neuroses already had the 
psychologic basis for tlie breakdo-mi and that the injury served merely 
as a precipitant. Schaller and Somers^^ found that after recovery from 
a post-traumatic neurosis had begun a certain point was reached when 
recovery ceased and the patient remained at a standstill or retrogressed. 
It thus appeared that after the immediate illriess had been alleviated, 
tlie untoward circumstances in connection nith tire injury adjusted, 
the fight for compensation ended, the repeated meiheal examinations 
stopped and the patient back at work, there still persisted a personality 
defect which rendered the patient subnormal. Treatment of the post- 
traumatic features according to Hall and Mackey centers around the 
establishment of a proper rapport -with the patient, the settlement of 
compensation claims promptly and by a lump sum and the prompt 
vocational reestablishment of the patient. Aside from these special 
features the treatment employs the same procedures indicated in the 
case of any psychoneurosis. Geokge Johkson. 
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Ganglia of the Adult Human Brain.- 
\\ . H. h . Addi^n and Dorns Acokn Fr.\ser (Laboratory of Anatomy 
University of Pennsylvania). To understand thorouglily the signifi 
cance of the basal ganglia it is necessary to know both the morphology 
of the nuclei of wluch they are composed and the connections of th 
nuclei to otlier regions of the brain. The anatomic investigation o 
tins large mass of the brain has been relatively slight wliile the grea 
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bulk of the literatiue has been contributed principally in the fields of 
neuropathology and clinical medicine. Because of the importance of the 
e.xtrapjrramidal systenr clinically it has seemed desirable to make a 
reconstruction of the corpus striatum and related parts based on the 
adult human brain. Series of sections were made of the central core 
of the brain at 50 fi both in a sagittal plane and in a plane at right 
angles to the midbrain. Projection drawings were then made, at a 
magnification of 5, of every eighth section. Wax plates were cut out 
according to these drawings and stacked to give a reconsti-uction at an 
enlargement of 5 in each dimension. 

The reconstruction shows very well the shape and size of the striatum, 
tlie red nucleus, the substantia nigra and corpus Luj^sii. The pallidum 
was reconstructed also, but it is practically surrounded by the striatum 
and can only be seen from the medial view. The lateral part of the 
thalamus, where it did not overshadow anj’- of the structures we were 
studjnng, was also reconstructed, as was the lateral part of the amyg- 
daloid nucleus where it comes into close relation vdth the tail of the 
caudate. The rostral fusion of the caudate and putamen can be appre- 
ciated in this model, and the cellular bridges along the body and tail 
of the caudate which join with the putamen. Smaller cell bridges exist 
between the caudate and the globus pallidus and the close juxtaposition 
of these two nuclei is appreciated. The relationsliip between the head 
of the caudate and the anterior perforated space and the ventral sur- 
face of the brain is seen. A confluence exists between the tail of the 
caudate, the putamen and the amygdaloid. Tentative deliminations 
have had to be made awaiting silver material and further cell prepara- 
tions. The reconstruction will serve as a starting point to study myel- 
ination and phylogeny. 


The Basic Nitrogenous Extractives of Necturus Muscle. — D. Wright 
Wilson and William A. Wolff (Laboratory of Physiological Chemis- 
try, University of Pennsylvania). The composition of muscle varies 
considerably among the different orders of animals. Creatin, carnosin, 
anserin and carnitin are found in the liigher vertebrates and arginin 
and betain are found in the invertebrates. The isolation of extractives 
from the muscle of Amphibians has never been reported. 

An aqueous protein-free extract of Ncdunts skeletal muscle was 
precipitated vdth phosphotungstic acid. The filtrate yielded creatin. 
The precipitate was fractionated ndtli silver nitrate and barium hy- 
droxid. Carnosin was isolated from the tliird silver precipitate and 
identified as the free base and as the characteristic copper salt. The 
fraction not precipitated by silver yielded trimethylamin oxid as a 
picrate. Betain and anserin were not obtained. 

This is the first report of an isolation of trimethylamin oxid from a 
fresh water animal. It has prerdously been found in the muscles of 
salt water fish and in cephalopoda but has never been found in fresh 
water fish. Its presence in the river crab has been suggested by an 
indirect quantitative study. 


The Renal Excretion of Inulin, Creatinin and Xylose in Normal Dogs, 
— A . N. Richards, B. B. Westfall and Phyllis A. Bott (Laboratory 
of Pharmacology, University of Pennsylvania). The plasma clear- 
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ances of inulin and creatinin, simultaneously measured m normal 
dogs were found to be of the same order of magnitude. The plasma 
clearance of xylose was found to be significantly less^ than that 
of inulin. These results harmonize mth the view that in dogs the 
plasma clearance of creatinin is more nearly a true measure of gloiheiu- 

lar filtration than is that of xylose. _ p j • i 

The reasons for choosing inulin as the subject of study in these 

experiments were: _ _ i , 

1. Its molecular weight is high and, compared wnth creatinin or 

xylose, its diffusibility is low. _ , . . , . 

2. It is not hydrolyzed in the animal body but, when injected intra- 
venously, is excreted rapidly by the kidney, in high concentration and 
completely. 

3. Its concentration in urine and plasma can be determined quanti- 
tatively by measurement of reducing powder after hydrolysis by acid. 

4. It is filterable tlirough collodion membranes which are impermeable 
to protein and through the glomerular membranes of amphibia. 

5. It is not excreted by the aglomerular kidney of the toadfish. 

From these characteristics inulin might be expected to be filtered 

tlirough the glomerulus, to be neither secreted nor actively reabsorbed 
by the tubule and to diffuse out of the tubule more slowly than xylose. 
The results do not disagree Avith this expectation. 


The Renal Excretion of Creatinin and Certain Organic Compounds 
of lodin.— E. M. Landis, K. A. Elsom and P. A, Bott (Laboratory of 
Pharmacology, University of Pennsylvania, and tire Renal Clinic, 
University Hospital). The plasma clearances of Skiodan (mono-iodo- 
methane sulphonate of sodium), Neoskiodan or Diodrast (3:5 diiodo-4- 
pyridon-N-acetic acid diethanolamine) and Hippuran (sodium ortho- 
iodohippm'ate) were compared with that of creatinin. 

In unanesthetized dogs Skiodan clearances ivere approximately 
equal to, or slightly lower than, the simultaneous creatinin clearances, 
regardless of the level of plasma Skiodan, Avitlnn the limits studied. 
Neoskiodan clearances, on the contrary, ranged from 3.85 to 0.96 times 
the creatinin clearances. Identical with creatinin clearances Avhen 
plasma^ Neoskiodan was lugh, they became several times greater than 
creatinin clearances as plasma Neoskiodan approached zero. Hippuran 
clearances ranged from 2.3 to 0.76 times tire creatinin clearances and 
were similarly dependent upon the concentration of Hippuran in 
plasrna, except that they became slightly, but definitely, lorver than 
creatinin clearances when the concentration of plasma Hippuran was 
high. 

In man the dosage of organic iodin Avas necessarily limited to amounts 
Avlrich could be administered Avitlr complete safety; the concentrations 
of organic iodin in human plasma Avere therefore much loAver than in 
dog plasma. Human blood plasma Avas cleared of Skiodan and creatinin 
at approximately the same rate, the clearance ratios ranging from 1.1.3 
to 0.S5 GA’en Ardren the concentration of Skiodan in plasma Avas A'ery loAA^ 
Ihe clearances of Neoskiodan and Hippuran, hoAvever, ranged from 
1.5 to G.S times those of creatinin. 
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Changes in Duodenal Motility Associated with Gastric Peristalsis. — 
J. E. Thomas and J. O. Crider (Laboratory of Physiologj’-, Jefferson 
Medical College). A study by grapliic methods of gastric and duodenal 
acti^^ty during digestion in unanesthetized dogs confirms the observa- 
tions of others on anesthetized animals that rhytlimic acti\’ity in tlie 
duodenum is regularly diminished or absent while a gastric peristaltic 
wave is approacliing the pylorus and increased at the end of the antral 
cycle. 

The gastric peristaltic wave may pass over the pylorus to the duo- 
denum but the following new facts do not support this interpretation; 
(1) The actmty of the duodenum at the end of the antral cycle does 
not conform to the usual description of intestinal peristalsis. (2) Its 
rate of transmission in the duodenum (10 cm. per second) is too fast for 
peristalsis but agrees ivith the rate of conduction of descending inliibi- 
tion. (3) The gastric influence appears to diminish duodenal activity 
instead of increasing it. 

The authors prefer to attribute the result to inliibition advancing 
ahead of the antral wave. The acti\dty at the end of the antral cycle 
may be independent acti\dty characteristic of the uninhibited duodenum. 
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